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In 1984, Dr. Oldham proposed that cancer biotherapy is the 
fourth treatment modality for patients with cancer and might be 
useful in conjunction with surgery, chemotherapy and radiotherapy. 
Meanwhile, the theory of biological response modifier therapy also 
has been proposed [1]. Cancer biotherapy is a therapeutic strategy 
that enhances the anticancer potential of the immune system to 
fight against cancer and attenuates the side effects caused by other 
treatments [2]. Biotherapy consists of gene therapy, targeted therapy 
and immunotherapy. Various immunotherapeutic strategies, such as 
adoptive cellular therapy, anticancer vaccine therapy and cytokines, 
have been developed. Numerous preclinical and clinical trials 
have demonstrated that biotherapy in combination with surgery, 
chemotherapy, radiotherapy or other therapies has greatly increased 
the cure rate, reduced the side effects and improved the quality of life 
of cancer patients [3,4]. 

Interferon and interleukin are the first generation of biological 
agents for the treatment of cancers, but they have serious adverse 
effects at a high dosage [5,6]. In recent years, great advances have been 
made to improve the antitumor potential while reducing the adverse 
effects of biological agents. For instance, ipilimumab [7], a human 
monoclonal antibody that activates the immune system by targeting 
CTLA-4, has increased the overall survival rate of melanoma patients 
by 45.6% at 12 months, 33.2% at 18 months, and 23.5% at 24 months. 
Sipuleucel-T is the first therapeutic cellular immunotherapy that has 
prolonged the life of metastatic castration-resistant prostate cancer 
patients in phase III clinical trials [8], representing a new milestone in 
cancer immunotherapy. Moreover, a randomized study of cytokine-
induced killer (CIK) cell immunotherapy of metastatic renal carcinoma 
has demonstrated improved progression-free survival and overall 
survival [9].

Now, more and more novel immunotherapeutic agents have been 
approved for clinical application through numerous clinical trials. 
Most importantly, in 2013, cell-based therapeutics was thought to be 
the “third pillar” of future medicines [10]. With the rapid development 
of biological treatment technology, biotherapy is regarded as the most 
promising treatment among the modern therapies for cancer patients 
due to its long-term antitumor effect as well as relatively low adverse 
effects. Nevertheless, there are still several factors that limit the speedy 
development of cancer biotherapies. 

First of all, the traditionally classical response criteria of the World 
Health Organization (WHO) or Response Evaluation Criteria in Solid 
Tumors (RECIST) might be suboptimal for the efficient evaluation of 
immunotherapies. As is well known, chemotherapeutic agents often 
bring about meaningful therapeutic effects including tumor shrinkage 
in baseline lesions within the initial few weeks. However, owing to 
the fact that the antitumor effects of immunotherapy are induced by 
cancer-specific immune responses or modification of native immune 
processes, the antitumor activity mediated by immunotherapeutic 
agents may take a longer time and, hence, the clinical response of 
immunotherapies may extend beyond those of cytotoxic agents and 
after an initial increase in tumor burden or conventional disease 
progression. Therefore, a novel criterion to evaluate immunotherapy 

is required. A phase II clinical trial of ipilimumab in patients with 
advanced melanoma has been performed, and the new immune-related 
response criteria have been applied [11]. However, because the response 
time of treatment varies for different cancers, it is important to confirm 
the time-point response for the assessment of immunotherapy and the 
elements to be evaluated. Thus, a great number of clinical trials are 
required to optimize the criteria for cancer biotherapy. 

Moreover, it is difficult to define the optimal dosage and schedule for 
immunotherapy compared to classic chemotherapy and radiotherapy. 
Due to the different culture protocols in various laboratories, the 
maximal number of cultured cells is quite diverse. For example, the 
clinical data regarding CIK cells show different doses for patients, 
the total number of CIK cells ranges from 21.9×107 to 5.2×1010, and 
the cycles of treatment are also distinct [12]. Moreover, there are 
insufficient clinical trials to demonstrate the relationship between the 
maximal effective dose and maximal tolerated dose. To accelerate the 
development of biotherapies, a large number of appropriate clinical 
trials are urgently needed to test the optimal dose and schedule. 

In addition, to date, only one vaccine, sipuleucel-T (Provenge), 
has been approved for prostate cancer patients. “Despite sipuleucel-T 
increases the median overall survival by 4.1 months, I don’t see it as 
a significant step forward.” said Rosenberg [8]. One of the critical 
problems is the tolerance to antigens. Tumor cells have the ability to 
modulate the immune response by downregulating the expression 
of antigens and the function of regulatory cells [13]. Single antigens 
may have a limited antitumor effect of a vaccine; thus, a multiantigen 
is necessary to induce a stronger immune response leading to a 
significant clinical response. Meanwhile, combinatorial approaches 
are also required. A phase II clinical trial of ipilimumab plus GM-
CSF in patients with metastatic melanoma provided positive results, 
presenting an encouraging precedent for combinatorial therapy [14]. 
Moreover, as PD1 is another immune checkpoint receptor [15], a 
phase I clinical trial using a combination of anti-PD1 antibody with 
ipilimumab in patients with advanced melanoma showed that the 
objective-response rate for all patients in the concurrent-regimen 
group was 40% and clinical activity was observed in 65% of patients. 
Impressively, at the maximum doses, 53% of patients had an objective 
response with tumor reduction of more than 80% [16]. Therefore, more 
phase II or III clinical trials should be performed to further identify the 
antitumor immune responses of biological agents.
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Last but not the least, “translational medicine” should be highlighted 
to promote the transition from fundamental studies to clinical 
applications. More and more biological agents have gained a favorable 
anticancer effect in laboratories; however, insufficient knowledge of 
the pharmacology and clinical applications has hampered the further 
development of these agents. Furthermore, biological agents are 
relatively expensive at the initial period of study and are always given 
to a limited number of patients, which is another significant reason that 
slows down the development of biotherapies in clinical applications.

In summary, great advances have been made in cancer biotherapy 
in the past years. The promise of this exciting and evolving field is 
exceedingly anticipated and will impart a new vigor to comprehensive 
cancer treatment. However, in order to accelerate its fast development, 
it is time to formulate new response criteria for the evaluation of 
biotherapies. In the long term, a large number of appropriate clinical 
trials must be carried out to provide evidence-based data.
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