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The 150 most important questions 
in cancer research and clinical oncology series: 
questions 86–93
Edited by Chinese Journal of Cancer
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Abstract 

Since the beginning of 2017, Chinese Journal of Cancer has published a series of important questions in cancer 
research and clinical oncology, which spark diverse thoughts, interesting communications, and potential collabora-
tions among researchers all over the world. In this article, 8 more questions are presented as follows. Question 86. In 
which circumstances is good supportive care associated with a survival advantage in patients with cancer? Question 
87. Can we develop animal models to mimic immunotherapy response of cancer patients? Question 88. What are the 
mechanisms underlying hepatitis B virus-associated non-hepatocellular cancers? Question 89. Can we more pre-
cisely target tumor metabolism by identifying individual patients who would benefit from the treatment? Question 
90. What type of cranial irradiation-based prophylactic therapy combination can dramatically improve the survival 
of patients with extensive small-cell lung cancer? Question 91. How can postoperative radiotherapy prolong overall 
survival of the patients with resected pIIIA-N2 non-small cell lung cancer? Question 92. What are the key molecular 
events that drive oral leukoplakia or erythroplakia into oral cancer? Question 93. How could we track the chemothera-
peutics-driven evolution of tumor genome in non-small cell lung cancer for more effective treatment?
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Text
To accelerate our endeavors to overcome cancer, Chinese 
Journal of Cancer has launched a program of publishing 
150 most important questions in cancer research and 
clinical oncology [1]. Since the beginning of 2017, Chi-
nese Journal of Cancer has published a series of important 
questions in cancer research and clinical oncology [2–
12], which spark diverse thoughts, interesting communi-
cations, and potential collaborations among researchers 
all over the world. In this article, Questions 86–93 are 
selected and presented. This program of collecting and 

publishing the key questions is still ongoing. Please 
send your thoughtful questions to Ms. Ji Ruan via email: 
ruanji@sysucc.org.cn.

Question 86: In which circumstances is good 
supportive care associated with a survival 
advantage in patients with cancer?
Background and implications
It is well documented that good supportive care through-
out the treatment and survival phases of cancer as well as 
palliative care towards the end of life improve the qual-
ity of life of the patients [13]. In some circumstances, 
good supportive care may also prolong survival. Quintin 
et al. [14] performed a global analysis of data from mul-
tiple trials and showed that quality of life and presenting 
symptoms were prognostic factors for survival of patients 
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with cancer in addition to other clinical characteristics. 
For example, febrile neutropenia following chemotherapy 
is a life-threatening adverse effect and can be mitigated 
by giving the chemotherapy with granulocyte colony 
stimulating factor (G-CSF). It is well documented that 
mortality from infection is reduced by G-CSF [15]; how-
ever, it is not clear that this may be translated into an 
overall survival advantage. Prophylactic use of antiemet-
ics increases the tolerance of chemotherapy, allowing 
full dose to be given and courses of chemotherapy to be 
completed, which has been shown to prolong survival 
[16]. Good symptom control with chemotherapy may 
also prolong survival. In a randomized study, second-
line chemotherapy was given with or without early pal-
liative care to patients with non-small cell lung cancer, 
and the results showed that those receiving the palliative 
care in addition to their chemotherapy had significantly 
longer survival than those receiving chemotherapy only 
(11.6 vs. 8.9 months, P = 0.02) [17]. Further, it is intrigu-
ing that psychosocial support may prolong survival. A 
weekly psychosocial support group and self-hypnosis for 
pain was added to anticancer therapy for breast cancer 
patients in a randomized trial and resulted in prolonged 
survival as compared with those who only received anti-
cancer therapy [18]. The relationship between social net-
works and social support has been equivocal although a 
large breast cancer study showed an increase in both all-
cause mortality and breast cancer mortality in women 
who are socially isolated [19, 20]. Certainly, the narratives 
of exceptional survivors of incurable cancer ascribed 
some of their outcomes to family support [21].

Clearly, in some circumstances, the addition of good 
supportive care which addresses cancer-associated 
symptoms and adverse effects of treatment can be 
added to anticancer treatment to prolong survival. More 
researches are needed to better define when this occurs.
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Question 87: Can we develop animal models 
to mimic immunotherapy response of cancer 
patients?
Background and implications
Efforts on immuno-oncology (I/O) research to fight 
cancer are in exponential phase of growth due to recent 

breakthrough in the development of immune checkpoint 
inhibitors and unprecedented rate of regulatory approval 
to shorten the otherwise lengthy bench to bedside pro-
cess. The prevalent models include syngeneic, geneti-
cally engineered, and partially humanized mouse models 
each with its advantages and limitations. The lack of pre-
cise animal models that would be capable of mimicking 
human immune microenvironment is one of the major 
challenges for proper preclinical evaluation of I/O thera-
pies and identifying patients most likely to be benefited 
from specific I/O strategies.

The ideal animal models should also possess effective 
biomarkers for monitoring the immune functions of 
the host as well as therapeutic effects of I/O. In current 
clinical practice, the remarkable progress in the develop-
ment of immune checkpoint inhibitors went solo without 
parallel advancement of definitive patient selection tool. 
The cost, toxicities, and the time delay for the 40%–60% 
of patients not benefiting from immunotherapy makes 
it imperative to identify valid prognostic biomarkers 
[e.g., programmed death-ligand 1 (PD-L1) expression, 
mismatch repair (MMR) deficiency, cluster of differen-
tiation 8 (CD8) T cell infiltrates, tumor mutation burden] 
that could predict patient response and facilitate differ-
entiation of durable response versus transient response. 
Given the dynamic nature of the immune response and 
the complexity of immune/tumor interaction, develop-
ment of biomarkers for immunotherapies is highly chal-
lenging. Presence of tumor-specific antigens, expression 
of immunosuppressive molecules [PD-L1, indoleam-
ine 2,3-dioxygenase (IDO), and so on] by tumor cells, 
and mutation load and landscape all contribute to the 
response of tumor cells to I/O therapies. While most of 
the biomarker-searching efforts had focused on tumor 
characteristics, the role of host immune system is equally 
important. The effectiveness of a given immunotherapeu-
tic approach depends on a pre-existing immune state of a 
patient.

In summary, development of clinically relevant ani-
mal models possessing discerning prognostic markers is 
critical to fulfill the promise of immunotherapy as a par-
adigm-shifting strategy to fight the most aggressive and 
intractable cancers.
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Question 88: What are the mechanisms underlying 
hepatitis B virus‑associated non‑hepatocellular 
cancers?
Background and implications
Hepatitis B virus (HBV) infection is a strong risk fac-
tor for the development of hepatocellular carcinoma. 
Epidemiological studies have also shown that HBV 
infection may increase the incidence of several types of 
non-hepatocellular cancers, including gastric adenocar-
cinoma, pancreatic ductal carcinoma, and non-Hodgkin 
lymphoma (NHL). Clinical studies further suggested that 
some of these HBV-associated non-hepatocellular can-
cers, for instance a subtype of NHL, diffuse large B cell 
lymphoma, exhibit a more aggressive disease course with 
poor prognosis, independent of its pathological subtype. 
However, what are the mechanisms underlying these 
associations and whether the viral infection is indeed 
disease-causing or rather a contributing co-factor remain 
unclear. Two major hypotheses, direct viral infection of 
the corresponding cell types and chronic viral antigen 
stimulations, have been proposed. In both scenarios, 
infection may result in dysregulation of host cellular pro-
cesses and increased genome instability, and in the case 
of direct infection, like in hepatocellular carcinoma, inte-
gration of viral DNA into the host genome may lead to 
activation of selective oncogenes. More detailed morpho-
logical and molecular studies, including characterization 
of the genome of these HBV-associated non-hepatocel-
lular cancers and the repertories of infiltrating immune 
cells, may provide further clues to this question. It will 
also be of interest to determine if there is an association 
between genotype (strain of HBV) and phenotype (type 
of cancer). Finally, in areas/countries with a high preva-
lence of infection and initiated the mandatory HBV vac-
cine program decades ago, theoretically, the incidence of 
these non-hepatocellular cancers should decrease with 
time. Of note, this may be complicated by the increased 
contribution of other risk factors, especially life style-
related factors. Chronic HBV infection is endemic in 
some parts of Asia, Africa, and South America and 
remains to be a public health burden in these areas. Fur-
ther understanding the molecular mechanisms underly-
ing the HBV-associated cancers will help us to develop 
novel or more precise therapies for the affected patients.
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Question 89: Can we more precisely target tumor 
metabolism by identifying individual patients who 
would benefit from the treatment?
Background and implication
During the process of tumorigenesis, tumor cells must 
face two challenges: first, obtaining the nutrients needed 
for the rapid growth; and second, evading the surveil-
lance and attack from the host immune system. Tumor 
cell’s unique metabolic program can be used to meet 
these challenges. Glycolysis is the major metabolic pro-
cess used by malignant tumors, even when oxygen sup-
ply is adequate, which is termed as “the Warburg effect”. 
Glycolysis decreases the pH value of the tumor microen-
vironment (TME); therefore, tumor cells can inhibit the 
activities of antigen-presenting cells (APCs) and cyto-
toxic T lymphocytes (CTLs) by controlling the acidity of 
TME, eventually leading to tumor cell immune escape. 
A second group of metabolism-related modification 
directly targets the major histocompatibility complex-I 
(MHC-I) and related molecules and hence sensitizes can-
cer cells to the cytolytic actions of the anti-tumor adap-
tive immune response.

Recent findings from in vitro and in vivo studies have 
shown that targeting tumor and immune cell metabolism 
hold the promising possibilities toward clinical therapeu-
tics for treating cancer [22, 23]. However, clinical benefit 
has only been observed in a small number of patients 
[24–28]. Most patients still do not respond to these new 
therapies, and nearly all patients with certain types of 
cancer (i.e., pancreatic and colorectal cancers) do not 
respond. The reason is probably because tumor metabo-
lism may vary over the course of tumor development, or 
some hidden tumor metabolic products modulate sign-
aling pathways important for immune cell activation. A 
new hypothesis has been proposed that tumor cells can 
change their metabolism by waves of gene regulation to 
adjust to their different needs [29]. Some of these waves 
are originated by deregulated expression of oncogenes, 
which have already been linked to metabolic remodeling. 
On the other hand, different parts of solid tumor some-
times possess different epigenetic characteristics and 
may be derived from distinct cancer stem cell popula-
tions. Therefore, the most serious challenge in reshaping 
the tumor-specific metabolism and immune profiles in 
TME is to understand the metabolic heterogeneity which 
is extremely complicated depending not only on tumor 
and immune cell types but also on tumor stages and sub-
set of patient population.

Nevertheless, the success associated with these new 
approaches has opened new investigations address-
ing several questions: How much metabolism pathways 
represent true vulnerabilities for tumor development 
and immunosuppression in different types and stages 
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of cancer? Are there other factors that may be blocking, 
even temporarily, which is critical for tumor control? 
How different subsets of tumor cell populations respond 
to metabolic intervention? Can we identify ahead of time 
the patients who would benefit from metabolic targeted 
therapy?

Notably, tumor and immune cells share similar meta-
bolic needs and reprogramming during proliferation to 
support their increased biosynthetic and energy demands 
[30, 31] and often compete for the same nutrients. There-
fore, deprivation of nutrients in TME must be cautiously 
explored to eliminate potential negative impacts on 
the anti-tumor immunity. Understanding the underly-
ing mechanisms of metabolic interplay between tumor 
and immune cells will provide new precise directions to 
manipulate the tumor metabolism for better treatment 
outcome.
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Question 90: What type of cranial irradiation‑based 
prophylactic therapy combination can dramatically 
improve the survival of patients with extensive 
small‑cell lung cancer?
Background and implication
Brain metastasis is a common reason of treatment fail-
ure in small-cell lung cancer (SCLC), particularly in 
extensive disease which represents approximately two-
thirds of newly diagnosed SCLCs. Recent studies have 
found that thoracic radiotherapy (TRT) can increase the 
2-year overall survival (OS) rate of patients with exten-
sive SCLC after chemotherapy [32–34]. However, it 
remains controversial that whether prophylactic cranial 
irradiation (PCI) can prolong OS [35–38]. The combina-
tion of TRT and PCI may boost the chances of survival, 
but there will be not much predictable OS benefit even 
if more prospective studies with large sample sizes are 
conducted. After first-line chemotherapy, the compre-
hensive treatment based on TRT and PCI, such as com-
bining with new anti-metastatic drugs, will make great 
strides toward OS improvement. The application of more 
accurately targeted therapy is now available and prom-
ising. Maintenance treatment with sunitinib can pro-
long progression-free survival (PFS) in extensive SCLC 

[39]. Recent studies on new drugs targeting the signal-
ing pathways (e.g., Notch signaling) related to neuroen-
docrine differentiation, DNA reparation, and immune 
checkpoint are ongoing. The Notch signaling pathway 
influences multiple processes in normal cell morpho-
genesis, including the differentiation of multipotent pro-
genitor cells (neuron differentiation), cell apoptosis, and 
cell proliferation. Rovalpituzumab tesirine (Rova-T) tar-
geting the Notch signaling pathway showed promising 
results in a phase I trial [40]. Poly ADP-ribose polymer-
ase (PARP) is DNA repairase and is critical in DNA dam-
age repair. By inhibiting PARP, proliferation of malignant 
cells can be suppressed. Veliparib, a PARP inhibitor, has 
yielded antitumor activity in SCLC [41]. Researches on 
immunotherapy primarily focus on cytotoxic T-lympho-
cyte-associated antigen-4 (CTLA-4) and programmed 
cell death protein 1 (PD-1)/programmed death ligand 1 
(PD-L1) inhibitors. Nivolumab alone and in combination 
with ipilimumab resulted in encouraging response rates 
(RR) in a phase I/II trial in the relapsed tumor setting 
[42]. The development of anti-metastasis agents is clearly 
critical for further improving the survival benefits of 
the patients with extensive SCLC. In addition, advanced 
irradiation technique is expected to be adopted in future 
clinical trails to decrease irradiation-induced injury in 
hippocampus for protecting cognitive function [43].
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Question 91: How can postoperative radiotherapy 
prolong overall survival of the patients 
with resected pIIIA‑N2 non‑small cell lung cancer?
Background and implication
For patients with resected pIIIA-N2 non-small cell lung 
cancer (NSCLC), the main reason of treatment failure is 
locoregional and/or distant relapse. Adjuvant chemother-
apy can prolong overall survival to some extent. However, 
the role of postoperative radiotherapy is not well defined.

A meta-analysis study on postoperative radiotherapy 
published in 1998 concluded that postoperative radio-
therapy did not prolong the survival, even in patients 
with stage III and pN2 NSCLC, which may due to the 
toxicities with suboptimal, outdated irradiation equip-
ment and techniques [44]. Improvements in conformal 
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radiotherapy techniques have led to a resurgence of inter-
est in studying the effect of postoperative radiotherapy 
on pIIIA-N2 NSCLC. Several retrospective, large-size, 
case–control studies have shown that postoperative 
radiotherapy using three dimensional conformal radio-
therapy (3D-CRT) or intensity modulated radiation 
therapy (IMRT) techniques can prolong overall survival 
[45]. However, the benefit still needs to be confirmed by 
randomized clinical trials (RCTs). Up to now, there are 
three such phase III RCTs. CALGB 9734, the earliest one, 
failed because of slow accrual [46]. LUNGART, the ongo-
ing one, began in 2007 and aims to enroll 700 patients by 
its conclusion in 2022. The other ongoing phase III multi-
center RCT (NCT00880971), conducted by our insti-
tute, has accrued 400 patients over planned 500 patients. 
However, due to the heterogeneity of pIIIA-N2 NSCLC, 
only certain subgroups of patients may benefit from post-
operative radiotherapy. Selecting suitable candidates or 
the populations at high risk who may benefit from post-
operative radiotherapy is the next and profound task.

It is expected that by combining with targeted therapy 
and/or immunotherapy, the therapeutic effects of post-
operative radiotherapy can be enhanced. For patients 
with completely resected NSCLC with epidermal growth 
factor receptor (EGFR) activating mutation, two recently 
reported RCTs have showed that adjuvant EGFR tyrosine 
kinase inhibitors (TKIs) significantly prolonged disease-
free survival as compared with adjuvant chemotherapy 
[47, 48]. Therefore, for pIIIA-N2 NSCLC patients with 
EGFR-activating mutation receiving EGFR TKIs, the 
value of postoperative radiotherapy should be further 
evaluated. Theoretically, any new agent that can inhibit 
metastasis could enhance the efficacy of postopera-
tive radiotherapy, and more efforts are warranted in this 
direction.
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Question 92: What are the key molecular events 
that drive oral leukoplakia or erythroplakia 
into oral cancer?
Background and implications
The natural history of cancer is poorly understood. The 
main reason is that in the vast majority of the cases, 
malignant tumors are diagnosed after becoming clinically 

perceptible. The paradox is that, for patients dying from 
cancer, the time from diagnosis to death is often much 
shorter than the long period preceding diagnosis. Most 
of our knowledge is based on the analysis of established 
malignant tumors in comparison with histologically nor-
mal tissue, and the use of naturally occurring or geneti-
cally engineered animal models that may not recapitulate 
the natural history of human cancer. Initiation is thought 
to be the first step of the multistep model of cancer devel-
opment, followed by promotion and progression. How-
ever, the stepwise and sequential progression model is 
being challenged by some clinical observations. One of 
the best examples is the natural history of oral leukopla-
kia or erythroplakia, the most frequent, potentially malig-
nant lesions of the oral cavity. They can remain for many 
years without changing, can regress spontaneously or 
after cessation of tobacco smoking, alcohol drinking, or 
smokeless tobacco, and can transform to invasive squa-
mous cell carcinoma (SCC) at the same site or at distance 
from the potentially malignant lesion. The reported rate 
of malignant transformation has been low in community-
based studies in developing countries (0.06% per year) 
and higher in observational studies in western countries 
involving patients followed in hospital-based academic 
centers (1%–5% per year) [49].

We believe that the longitudinal and spatial dynamics 
of early-stage tumorigenesis in the oral cavity through 
comprehensive evaluation of cellular and molecular 
changes in the epithelial and stromal cells represent a 
unique setting to get more insight into the natural history 
of carcinomas. The disease is prevalent in different parts 
of the world and associated with various environmental 
agents: in western countries, it frequently affects patients 
with smoking and alcohol drinking history in the form of 
oral leukoplakia, whereas in Southeast Asia it frequently 
affects patients consuming areca nut, betel leaf, and 
quid who preferentially develop erythroplakia. Of note, 
oral potentially malignant lesions and SCC negative for 
human papillomavirus affecting patients with no smok-
ing or alcohol drinking history, although representing a 
minority of all patients, have an increasing incidence over 
the past decades for unknown reasons. The oral cavity is 
easily accessible, and it is considered to be a molecular 
mirror of molecular alterations induced by smoking in 
the upper and lower aerodigestive tract. Prospectively 
validated in situ biomarkers of risk (e.g., loss of heterozy-
gocity at prespecified chromosomal sites) can be used 
to define cohorts of patients with potentially malignant 
lesions at high risk of developing oral cancer. These ele-
ments represent a strong rationale for intensive explora-
tion in this unique setting. It has the potential to foster 
international collaborations toward the better under-
standing of the biology of early-stage tumorigenesis, and 
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provide an opportunity to develop personalized preven-
tion strategies that will benefit patients far beyond the 
decreased incidence of oral cancer.
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Question 93: How could we track the 
chemotherapeutics‑driven evolution of tumor 
genome in non‑small cell lung cancer for more 
effective treatment?
Background and implication
Currently, effective drug treatments for the patients with 
non-small cell lung cancer (NSCLC) comprise mainly of 
standard platinum-based cytotoxic treatment, targeted 
therapies including inhibitors for epidermal growth fac-
tor receptor (EGFR) and anaplastic lymphoma kinase 
(ALK), and immunotherapy. However, treatment resist-
ance will inevitably occur in most patients after a certain 
period of time. This is believed to be partially caused by 
the heterogeneity in tumor genome. Cancer is a genomic 
disease, and cancer genome constantly undergoes 
changes under selective pressure from anticancer drug 
treatment. This alteration is also named tumor evolu-
tion, which partially explains acquired drug resistance. 
For example, some acquired secondary mutations, e.g., 
EGFR C797S, have been detected in the patient who ini-
tially harbors EGFR T790M mutation when resistance 
against first-line EGFR inhibitor occurs. Therefore, there 
is a need to dynamically monitor tumor clonal evolu-
tion in NSCLC patients. Methods for monitoring tumor 
evolution include multiregional sequencing and liquid 
biopsies. In multiregional sequencing, tumor masses 
from several regions are sequenced in parallel through 
next-generation sequencing. In liquid biopsies, a serial of 
circulating molecules or cells in the blood including cir-
culating tumor DNAs (ctDNAs) and circulating tumor 
cells (CTCs) could reflect the information of tumor 
genome. These methods could represent the whole 
tumor genomic landscape and reflect tumor heterogene-
ity. In addition to this, longitudinal or serial monitoring 
tumor genome through liquid biopsies or multiregional 
sequencing could keep track of the tumor genome in 
both time and space. Of course, it remains a technical 

challenge in collecting biopsy samples from multiple 
time points in the same patient. Advances in imaging-
guided transthoracic biopsy of lung lesions are the hope 
for delivering personalized treatments in response to the 
evolving tumor genome for dramatically improving treat-
ment outcomes in NSCLC patients.
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