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Introduction
Perhaps one can describe best Leland Chung
as a humble visionary. Starting with his postdoctoral training at the Brady Urological Institute, he established himself not only as a
leader in the fields of cancer biology and prostate cancer but as a true thinker. He was a
gentle giant in Urologic research, guiding his
students with a quiet manner and prodigious
intellect.
Dr. Chung was an early driver of how the tumor
microenvironment affected tumor growth and
metastasis and made many valuable contributions that opened these fields for the world. In
addition to his basic science discovery work,
Dr. Chung was a pioneer in the field of translational science. He showed the field how to
translate lab discoveries to diagnostics and
therapies to help patients. He was driven to
make a difference.
When his mentor Dr. Coffey passed away, this
group published an homage to him by publishing an editorial in this journal “Ten unanswered questions in cancer: ‘If this is true, what
does it imply?’” In addition to being his close
friend, Leland was certainly one of Don’s
greatest students. Dr. Chung lived this mantra,
passing this insight to his own students. It is
only fitting that we publish a similar editorial in
honor of Dr. Chung. We continue to seek truth,

we are guided by these unanswered questions
and the implications for our research, for our
understanding of cancer biology, and for our
patients.
Question 1: who does and does not get cancer?
Beyond the small percentage of cancer patients whose disease is attributable to heritable
(i.e., BRCA mutations, FAP) or environmental
(i.e., smoking) drivers, it remains unclear what
determines who gets cancer and who does not
[1]. While cancer risk increases dramatically
with age, approximately 60% of men and women die in old age without a hint of clinically
detectable cancer. Autopsy studies have shown that among these people, many do have
traces of subclinical malignant disease, but
it is unclear if these cancers would have
become clinically important if the person had
lived long enough or if undefined factors have
protected them from disease progression.
Approximately 25% of newly diagnosed cancer
patients over 65 have a history of prior cancer
[2]. It is now known, however, if this is due to
genetic, epigenetic, or environmental factors.
Insights into the question of “who gets cancer,
who does not, and why?” will contribute to our
understanding of the complexity of disease
progression and may lead us down new avenues toward cancer prevention and cure.

Unanswered questions in cancer
Question 2: is there a universal set of microenvironmental conditions that promotes the
development of a single pre-malignant cell to
begin its cycle of uncontrolled cell division?
Tumors initiate and develop within a physical
environment that contains nutrients, molecular signals in the form of soluble factors and
components of the extracellular matrix, stressors, and other cell types, such as immune cell
infiltration. Differential regulation of the tumor
microenvironment can have both pro-tumorigenic and anti-tumorigenic effects [3-5]. In
prostate cancer specifically, tumor microenvironmental factors have been shown to play a
key role in cancer progression, including connective tissue growth factors and stromalderived mediators of inflammation and angiogenesis regulators [6]. Is it also likely that
microenvironmental factors influence the ability and likelihood of a single pre-malignant cell
to begin its cycle of uncontrolled cell division?
Is it possible that there is a universal set
of conditions that can initiate a single cell to
survive and propagate into a large, complex
tumor? If this base set of microenvironmental
features could be defined, it would enhance
our understanding of the first step in cancer
initiation.
Question 3: when does cancer become incurable?
A one cm3 tumor consists of approximately 1
billion cancer cells. In general, this localized
tumor mass can be cured by surgery or radiation, but is not curable by systemic therapies
such as combination chemotherapy. Resistance to therapeutic interventions has classically
been explained as a result of genetic tumor cell
heterogeneity in which at least one cancer cell
has stochastically developed a mutation that
actuates resistance to a given therapy [7, 8]. In
the classic view, resistance to each different
therapy requires that the appropriate mutations that confer the different types of resistance are acquired by at least one cell. If this is
true, how many cells does this require?
Alternative models suggest that different cancer clones can cooperate to adapt to therapeutic stress [9, 10]. Therapy resistance has also
been attributed to a therapy-resistant population of cancer stem cells give rise to a recurrent population [11]. We have recently suggest-
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ed a model of therapeutic resistance based on
the ability of a cancer cell to undergo a polyaneuploid transition (PAT) in which a stressed
cancer cell exits the cell cycle after whole
genome duplication to protect itself from therapeutic insult. Cells in this polyaneuploid cancer cell (PACC) state can then reenter the cell
cycle after the therapeutic stress is gone and
repopulate a tumor population [12].
Question 4: how does diet affect an individual
cancer cell’s development, metabolism, and
responses to therapy?
Diet is a controllable aspect of our lifestyles
that can be a risk factor in many diseases.
Current data has established correlations and
associations between different dietary choices
and cancer incidences, suggesting that diet
can be modulated to lower a person’s risk of
developing cancer [13]. Diet has also been
associated with cancer progression. One study
showed that mice that are subjected to a highfat diet have increased breast cancer progression when compared to mice that fed a low-fat
diet [14]. There also have been correlations
between obesity and worse prognosis in patients with colorectal, kidney, and pancreatic
cancers [15]. Poorer outcomes are associated
with obesity in men diagnosed with prostate
cancer [16, 17]. These poor outcomes are generally attributed to a pro-inflammatory body
environment and/or unclear metabolic changes in the body as a whole. While much of the
focus of diet in cancer is related to the ingestion of carcinogens, one unanswered question
is how diet, at the organismal level, can influence cancer metabolism at the cellular level.
Cancer cells access nutrients obtained from
food like any other cell in the body [18]. Although the mechanism of action is unclear,
a combination treatment of metformin and
statin drugs that alter glucose and lipid metabolism resulted in a 54% reduction in mortality
when administered to men with high-risk prostate cancer [19]. If we could identify a cancer
cell’s metabolic needs to proliferate, metastasize, and evade therapy, it may be possible to
exploit those needs and adjust dietary intake
to alter nutrient availability. Understanding the
vast network that links diet and cancer at the
individual cellular level may aid in developing
new prevention and treatment strategies.
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Question 5: which cancer cells are metastasis
competent?
Metastasis is responsible for more than 90%
of all cancer-related deaths. Curative measures such as surgical tumor resection and
external beam radiation cannot be used to kill
metastatic cancer cells that have spread beyond the primary tumor site. The metastatic
cascade is comprised of five key steps: invasion at the primary tumor site, intravasation
into the circulation, survival in the circulation,
extravasation into the secondary site, and
colonization into a clinically detectable lesion
[20-22]. A successful, ergo lethal, metastatic
lesion can only be created by a cancer cell
that can complete all five steps, i.e., metastasis competent. lnvasion occurs when a cancer
cell acquires motile characteristics that enable movement through the extracellular matrix (ECM), often accompanied by a decrease
in proliferative capacity. To spread to distant
organs, the motile cancer cell must encounter
and enter (intravasate) the circulatory system
by squeezing through the vascular lining. Once
in the circulation, the cancer cell must survive
the shear stress of blood flow, immune cell
detection, and anoikis (cell death occurs when
cells lose adhesion). The cancer cell must then
exit (extravasate) the circulation by squeezing
back through the vascular lining. Lastly, the
cancer cell must survive to colonize its new tissue microenvironment, returning to its proliferative, non-motile phenotype. There are compounding barriers to successful metastasis at
each of the five steps. Many cells in the primary tumor will never express genes required
for motility and invasion. Of the cells that do,
only a subset will encounter, enter, and survive
in the circulatory system long enough to reach
a secondary organ site. Of the cells that do
reach secondary sites, an even fewer number
will regain the proliferative capacity required
for metastatic outgrowth. In fact, mathematical modeling shows only 1 in every ~1 billion
cells that enter the circulatory system successfully creates a metastatic lesion [23]. But what
do those one in a billion cancer cells have in
common? Is there a rare subset of cancer cells
that a priori possesses the ability to perform
all five steps of the metastatic cascade? If so,
the identification of such metastasis-competent cancer cells remains an urgent goal of
cancer research.
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Question 6: why are certain secondary sites
more conducive to the survival of metastases
from certain cancers?
In 1889, Stephen Paget published his paper
describing the affinity of breast cancer metastases for the bones [23, 24]. Since then, the
“seed and soil” effect of cancer metastasis
has been well established, with metastases
from a particular site more likely to occur at
sites specific to that cancer [25]. Cancer cells
are shed by the primary tumor into the bloodstream, both passively and as a result of
tumor cells’ migration towards high-nutrient
sites adjacent to the circulation [26]. These
circulating tumor cells (CTCs) then travel
through the bloodstream and disseminate to
various organs as directed by blood flow [27].
Those that land in characteristic secondary
sites are more likely to survive, proliferate, and
become a metastatic tumor. Thus, though it is
known that cancer cells travel to secondary
sites indiscriminately, it remains unknown why
these disseminated tumor cells are more likely
to survive in certain organs depending on the
cancer of the primary site, and why each cancer type has different favored secondary sites.
Question 7: why has most basic science cancer treatment research failed to translate effectively to the clinic?
85% of early clinical trials for novel drugs fail
despite successful pre-clinical testing, and the
greatest proportion of those failures are cancer drug trials [28]. Our use of in vitro and in
vivo models cannot perfectly mimic the complexities of a human body and the impact of
disease on the complex system. Mouse models, the typical model for pre-clinical trials, are
poor models for human diseases, with higher
utility for snapshots of a certain process or
mechanism within a disease state [29]. An
example of promising basic science research
not directly leading to successful translation
is matrix metalloproteinase (MMP) inhibitor trials. Researchers aimed to inhibit the degradation of the ECM, a process utilized by cancer
cells to invade and metastasize. These trials,
despite promise in early stages of testing, ultimately failed in later stages due to serious
side effects that were not present in murine
pre-clinical trials [28]. The limitations of our
current models have become increasingly ap-
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parent. How can we improve our current models or create new, better ones? How do we balance ethical concerns with the pressing need
for improved cancer treatments?
Question 8: how can we cure a disease that is
continuously evolving?
Cancer had been recognized and named decades before the first cancer treatment (radiation) became available in the late 19th century
[30]. The first cancer chemotherapy was used
in the 1940’s and novel therapies have been
introduced year after year [31]. While tremendous progress has been made to increase survival, once patients progress to metastatic disease, a cure is largely elusive. Combinations of
systemic hormonal and chemotherapies are
rarely curative for carcinomas. One explanation
for the incurability of cancer is the accumulation of new genetic and epigenetic alterations
that allow cancer cells to survive and continue
to proliferate, even under new microenvironments or when faced with external stressors.
There is no identified common set of mutations
shared by all cancers. Furthermore, it has been
shown that cancer cells evolve in response to
therapy. In addition to the cancer cells’ adaptions to survive anti-cancer therapies, they also
adapt to continually evade the body’s antitumor mechanisms [32, 33]. The ability of a
cancer cell to evade the immune system is the
topic of intense research but remains largely
unresolved. Understanding how and when tumors create immune deserts, evade immune
detection, and modify checkpoints remains
unclear [34-37].
Question 9: can we force cancer to remain
within the inhospitable environment it creates, causing its own destruction?
The ability to survive defines a cancer cell’s
success. Uncontrollable growth allows cancer
cells to create their own habitat within the host
and consume available resources in the area
[38]. As a tumor consumes resources, however, it inherently creates a hypoxic, nutrient
poor, inhabitable space. The trade-off of advantageous growth, therefore, is death if no
solution is achieved to solve the problem of
nutrient poverty (i.e., the hallmark of cancer
neoangiogenesis) [39]. This hostile habitat has
also been described to drive the adaptation
of metastasis competent cancer cells. Cancer
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that metastasizes can, again, succeed, but not
without cost. The risk to a primary cancer cell
for intravasation into the circulation is high: a
high likelihood of death. However, the risk of
death in circulation may be less than a cancer
cell’s certain death in the highly competitive,
highly crowded, nutrient poor, hypoxic tumor
microenvironment. A single cancer cell’s success in metastasizing leads to generations of
successful cancer cells surviving now at a secondary location. Outrunning the self-inflicted
paucity of resources can be thought of as a
balancing force to the risks of cancer’s uncontrollable growth. Will cancer that does not
metastasize die from its own uncontrollable
growth? In the cancer research field, we should consider known limitations as targetable
vulnerabilities. If we force cancer to remain
within the inhospitable environment of the primary tumor, we could then cure virtually all
cancer through surgery or radiation. Could a
natural death due to starvation, sans chemotherapy or treatment, be cancer’s downfall?
Question 10: can we reprogram the TME from
“pro-tumor” to “anti-tumor” in all cancer patients?
The majority of tumor microenvironments
(TMEs) have “pro-tumor” characteristics including regulatory T cells, M2-like macrophages,
myeloid-derived suppressor cells (MDSCs), and
increased angiogenesis [40, 41]. This “protumor” TME supports cancer cell growth, metastasis, and immune evasion, heavily contributing to patient outcome and survival. In contrast, “anti-tumor” TMEs are characterized by
cell types such as CD8 T cells and M1-like
macrophages. Even though much work at the
bench and in the clinic has explored different
therapies, there is not a therapy against one
cell type or target that reprograms the TME
from “pro-tumor” to “anti-tumor” with success
in all patients. Immune checkpoint inhibitors
successfully do this in many patients with certain types of cancers and with characteristics
such as mismatch repair-deficiency or microsatellite instability [42]. Other methods for
reprograming the TME include dendritic cell
vaccines, CAR T cell therapies, and targeting
M2-like macrophages. Whether a single strategy, or multiple strategies, have the potential to
create “anti-tumor” TME in all patients is yet to
be determined.
Am J Clin Exp Urol 2021;9(4):254-260
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Question 11: is there a magic bullet for cancer
therapy that would effectively target all types
of cancer?
The concept of a magic bullet was coined in the
1900s when the German Nobel laureate Paul
Ehrlich formally articulated the notion of a targeted therapy that would be able to distinctly
and differentially affect what an immune system recognizes pathologically as non-self (e.g.,
a microbe), while having no negative impact on
self [43-45]. It is the imagery of a bullet reaching a very specific target. Since that time, in the
field of cancer therapy, advances have been
made in the delivery of chemotherapeutic
agents with the aim to find effective cancer
management agents that balance benefit with
the pleiotropic cytotoxic risk of drug administration. The obvious challenge with cancer is
that the set of components supporting the fundamental biological processes of the cancer
cell overlap with those of the cells of healthy
tissue. Therefore, debilitating a specific pathway, cellular component, or even organelle in a
cancer cell would find an undesired target
counterpart in the non-disease cells of the
same patient. Furthermore, the various manifestations of disease progression, which are
differential and unique to tissue type, reflect
uncharacterized, tissue-specific differences
supporting tumor persistence, suggesting that
a single-target, all-encompassing chemotherapeutic agent for all cancer types is not feasible. Our recent work suggests that all treatment resistant cancer cells may pass through a common intermediate cell state. If this
transitory cell state is required for lethality, a
magic bullet which targets the abrogation of
such a state may be used to render a previously drug-resistant cell type sensitive and
opening the door for cancer cure [12].
Question 12: is understanding cancer enough
to find a cure?
Historically, most cancer research is driven by
the shared motivation to find a cure. While substantial progress has been made in understanding the intricate details of cancer biology,
each discovery adds to the already complex
nature of the disease. However, what if the “big
question” is not “What is the cure?” but rather
“Can a cure be administered?” This important
distinction is emphasized in sickle cell disease
[46]. Scientists know the exact genetic muta258

tion and its corresponding location, as well as
its effect on hemoglobin and oxygen circulation, yet a cure does not exist. Understanding
the molecular and cellular biology of a disease
defines potential therapeutic targets but does
not equal a curative strategy. Without the proper tools available, solely understanding the
biological components does not provide a
cure. Before the advancements of modern science, some diseases could be cured without
knowing the molecular causes. Scurvy, for
example, common in sailors on long voyages
with poor diet, was cured by the ingestion of
citrus fruit. It wasn’t until later that scientists
identified that scurvy was caused by vitamin C
deficiency, and cured by ingestion of ascorbic
acid [47]. Will finding a cure for cancer, an increasingly complex disease that continues to
evade treatment attempts, resemble that of
scurvy or sickle cell disease? Even if we understand the complex biology of cancer, will we be
able to engineer a cure? Maybe, we will get
lucky through some good observational work,
much as James Lind did.
Disclosure of conflict of interest
None.
Address correspondence to: Kenneth J Pienta, The
Brady Urological Institute, Johns Hopkins Medical
Institutions, 200 N Wolfe Street, Baltimore, MD
21287, USA. E-mail: kpienta1@jhmi.edu

References
[1]

[2]

[3]
[4]
[5]

Tomasetti C, Li L and Vogelstein B. Stem cell
divisions, somatic mutations, cancer etiology,
and cancer prevention. Science 2017; 355:
1330-1334.
Murphy CC, Gerber DE and Pruitt SL. Prevalence of prior cancer among persons newly diagnosed with cancer: an initial report from the
surveillance, epidemiology, and end results
program. JAMA Oncol 2018; 4: 832-836.
Quail DF and Joyce JA. Microenvironmental
regulation of tumor progression and metastasis. Nat Med 2013; 19: 1423-37.
Maman S and Witz IP. A history of exploring
cancer in context. Nat Rev Cancer 2018; 18:
359-376.
Wu JB, Yin L, Shi C, Li Q, Duan P, Huang JM, Liu
C, Wang F, Lewis M, Wang Y, Lin TP, Pan CC,
Posadas EM, Zhau HE and Chung LWK. MAOAdependent activation of Shh-IL6-RANKL signaling network promotes prostate cancer metastasis by engaging tumor-stromal cell interactions. Cancer Cell 2017; 31: 368-382.

Am J Clin Exp Urol 2021;9(4):254-260

Unanswered questions in cancer
[6]

[7]
[8]
[9]
[10]
[11]

[12]

[13]
[14]

[15]
[16]

[17]

[18]

259

Bahmad HF, Jalloul M, Azar J, Moubarak MM,
Samad TA, Mukherji D, Al-Sayegh M and AbouKheir W. Tumor microenvironment in prostate
cancer: toward identification of novel molecular biomarkers for diagnosis, prognosis, and
therapy development. Front Genet 2021; 12:
652747.
Dagogo-Jack I and Shaw AT. Tumour heterogeneity and resistance to cancer therapies. Nat
Rev Clin Oncol 2018; 15: 81-94.
McGranahan N and Swanton C. Clonal heterogeneity and tumor evolution: past, present,
and the future. Cell 2017; 168: 613-628.
D’Angelo RC and Wicha MS. Stem cells in normal development and cancer. Prog Mol Biol
Transl Sci 2010; 95: 113-58.
Archetti M and Pienta KJ. Cooperation among
cancer cells: applying game theory to cancer.
Nat Rev Cancer 2019; 19: 110-117.
Shibue T and Weinberg RA. EMT, CSCs, and
drug resistance: the mechanistic link and clinical implications. Nat Rev Clin Oncol 2017; 14:
611-629.
Pienta KJ, Hammarlund EU, Brown JS, Amend
SR and Axelrod RM. Cancer recurrence and lethality are enabled by enhanced survival and
reversible cell cycle arrest of polyaneuploid
cells. Proc Natl Acad Sci U S A 2021; 118:
e2020838118.
Steck SE and Murphy EA. Dietary patterns and
cancer risk. Nat Rev Cancer 2020; 20: 125138.
Maguire OA, Ackerman SE, Szwed SK, Maganti
AV, Marchildon F, Huang X, Kramer DJ, RosasVillegas A, Gelfer RG, Turner LE, Ceballos V,
Hejazi A, Samborska B, Rahbani JF, Dykstra
CB, Annis MG, Luo JD, Carroll TS, Jiang CS,
Dannenberg AJ, Siegel PM, Tersey SA, Mirmira
RG, Kazak L and Cohen P. Creatine-mediated
crosstalk between adipocytes and cancer cells
regulates obesity-driven breast cancer. Cell
Metab 2021; 33: 499-512, e6.
Vineis P and Wild CP. Global cancer patterns:
causes and prevention. Lancet 2014; 383:
549-57.
Joshu CE, Mondul AM, Menke A, Meinhold C,
Han M, Humphreys EB, Freedland SJ, Walsh
PC and Platz EA. Weight gain is associated with
an increased risk of prostate cancer recurrence after prostatectomy in the PSA era. Cancer Prev Res (Phila) 2011; 4: 544-51.
Rodriguez C, Patel AV, Calle EE, Jacobs EJ,
Chao A and Thun MJ. Body mass index, height,
and prostate cancer mortality in two large cohorts of adult men in the United States. Cancer
Epidemiol Biomarkers Prev 2001; 10: 345-53.
Lien EC and Vander Heiden MG. A framework
for examining how diet impacts tumour metabolism. Nat Rev Cancer 2019; 19: 651-661.

[19] Tan XL, E JY, Lin Y, Rebbeck TR, Lu SE, Shang
M, Kelly WK, D’Amico A, Stein MN, Zhang L,
Jang TL, Kim IY, Demissie K, Ferrari A and LuYao G. Individual and joint effects of metformin
and statins on mortality among patients with
high-risk prostate cancer. Cancer Med 2020;
9: 2379-2389.
[20] Nandana S and Chung LW. Prostate cancer
progression and metastasis: potential regulatory pathways for therapeutic targeting. Am J
Clin Exp Urol 2014; 2: 92-101.
[21] Chung LW, Baseman A, Assikis V and Zhau HE.
Molecular insights into prostate cancer progression: the missing link of tumor microenvironment. J Urol 2005; 173: 10-20.
[22] Mallin MM, Pienta KJ and Amend SR. Cancer
cell foraging to explain bone-specific metastatic progression. Bone 2020: 115788.
[23] de Groot AE, Roy S, Brown JS, Pienta KJ and
Amend SR. Revisiting seed and soil: examining
the primary tumor and cancer cell foraging in
metastasis. Mol Cancer Res 2017; 15: 361370.
[24] Paget S. The distribution of secondary growths
in cancer of the breast. 1889. Cancer Metastasis Rev 1989; 8: 98-101.
[25] Fidler IJ and Poste G. The “seed and soil” hypothesis revisited. Lancet Oncol 2008; 9: 808.
[26] Bockhorn M, Jain RK and Munn LL. Active versus passive mechanisms in metastasis: do
cancer cells crawl into vessels, or are they
pushed? Lancet Oncol 2007; 8: 444-8.
[27] Dianat-Moghadam H, Azizi M, Eslami-S Z, Cortés-Hernández LE, Heidarifard M, Nouri M and
Alix-Panabières C. The role of circulating tumor
cells in the metastatic cascade: biology, technical challenges, and clinical relevance. Cancers (Basel) 2020; 12: 867.
[28] Mak IW, Evaniew N and Ghert M. Lost in translation: animal models and clinical trials in cancer treatment. Am J Transl Res 2014; 6: 114-8.
[29] Lee MW, Miljanic M, Triplett T, Ramirez C, Aung
KL, Eckhardt SG and Capasso A. Current methods in translational cancer research. Cancer
Metastasis Rev 2021; 40: 7-30.
[30] Hajdu SI. A note from history: landmarks in history of cancer, part 1. Cancer 2011; 117:
1097-102.
[31] DeVita VT Jr and Chu E. A history of cancer chemotherapy. Cancer Res 2008; 68: 8643-53.
[32] Mendonsa AM, Na TY and Gumbiner BM. Ecadherin in contact inhibition and cancer. Oncogene 2018; 37: 4769-4780.
[33] Rivlin N, Brosh R, Oren M and Rotter V. Mutations in the p53 tumor suppressor gene: important milestones at the various steps of tumorigenesis. Genes Cancer 2011; 2: 466-74.
[34] Farlow JL, Brenner JC, Lei YL and Chinn SB. Immune deserts in head and neck squamous cell

Am J Clin Exp Urol 2021;9(4):254-260

Unanswered questions in cancer

[35]

[36]

[37]

[38]

[39]
[40]

260

carcinoma: a review of challenges and opportunities for modulating the tumor immune microenvironment. Oral Oncol 2021; 120:
105420.
Sun Y, Tan J, Miao Y and Zhang Q. The role of
PD-L1 in the immune dysfunction that mediates hypoxia-induced multiple organ injury.
Cell Commun Signal 2021; 19: 76.
Shklovskaya E and Rizos H. MHC class I deficiency in solid tumors and therapeutic strategies to overcome it. Int J Mol Sci 2021; 22:
6741.
Russell BL, Sooklal SA, Malindisa ST, Daka LJ
and Ntwasa M. The tumor microenvironment
factors that promote resistance to immune
checkpoint blockade therapy. Front Oncol
2021; 11: 641428.
Amend SR and Pienta KJ. Ecology meets cancer biology: the cancer swamp promotes the
lethal cancer phenotype. Oncotarget 2015; 6:
9669-78.
Hanahan D and Weinberg RA. Hallmarks of
cancer: the next generation. Cell 2011; 144:
646-74.
Binnewies M, Roberts EW, Kersten K, Chan V,
Fearon DF, Merad M, Coussens LM, Gabrilovich DI, Ostrand-Rosenberg S, Hedrick CC, Vonderheide RH, Pittet MJ, Jain RK, Zou W, Howcroft TK, Woodhouse EC, Weinberg RA and
Krummel MF. Understanding the tumor immune microenvironment (TIME) for effective
therapy. Nat Med 2018; 24: 541-550.

[41] Myers KV, Pienta KJ and Amend SR. Cancer
cells and M2 macrophages: cooperative invasive ecosystem engineers. Cancer Control
2020; 27: 1073274820911058.
[42] Singh S, Hassan D, Aldawsari HM, Molugulu N,
Shukla R and Kesharwani P. Immune checkpoint inhibitors: a promising anticancer therapy. Drug Discov Today 2020; 25: 223-229.
[43] Strebhardt K and Ullrich A. Paul Ehrlich’s magic bullet concept: 100 years of progress. Nat
Rev Cancer 2008; 8: 473-80.
[44] Williams KJ. The introduction of ‘chemotherapy’ using arsphenamine - the first magic bullet.
J R Soc Med 2009; 102: 343-8.
[45] Aneja P, Rahman M, Beg S, Aneja S, Dhingra V
and Chugh R. Cancer targeted magic bullets
for effective treatment of cancer. Recent Pat
Antiinfect Drug Discov 2014; 9: 121-35.
[46] Pecker LH and Lanzkron S. Sickle cell disease.
Ann Intern Med 2021; 174: ITC1-ITC16.
[47] Maxfield L and Crane JS. Vitamin C deficiency.
Treasure Island (FL): StatPearls Publishing;
2021.

Am J Clin Exp Urol 2021;9(4):254-260

