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EDITORIAL

Radiation therapy and the immune 
system: learning to live together

Yaacov Richard Lawrence1,2 & Adam P Dicker*,2

Dose-response effect in radiation 
therapy
Today’s radiation oncologists were bought 
up on the concept of ‘the more the better’, 
encouraged on by Puck’s seductive in vitro 
clonogenic cell survival curves that sug-
gest an exponential relationship between 
radiation dose and cell kill [1]. Clinicians 
extrapolated these findings into the clinic, 
pursuing ever-higher radiation doses 
in the pursuit of local control, and the 
sometimes-elusive cancer cure. Clinicians 
sought to enlarge radiation field size, with 
the aim of sterilizing at-risk regional 
lymph-nodes. There is good evidence for 
the importance of irradiating ‘high-risk’ 
lymphoid tissue in Hodgkin’s disease and 
cervical cancer, but the concept has influ-
enced tumor planning in all cancer sites.

A number of key clinical trials from 
recent decades have contradicted these 
concepts. Although clearly a minimal 
dose of radiation is necessary (e.g., 60 
Gy in glioblastoma and non-small-cell 
lung cancer), attempts to escalate doses 
further have failed to deliver benefit 
in a range of cancers: esophageal, low-
grade glioma, glioblastoma and, most 

recently, non-small-cell lung cancer [2]. 
Furthermore, large radiation fields are 
often poorly tolerated, especially in the 
context of concomitant chemotherapy. 
Theodore Puck succeeded in creating 
cell-survival curves, where more radia-
tion killed more cells, by developing tech-
niques to grow cell monolayers in vitro. In 
doing so he negated systemic effects and 
the role of the  microenvironment [1].

Prostate cancer: field size 
& radiation dose
In prostate cancer, multiple randomized 
trails have indeed validated the concept 
of higher radiation dose achieving better 
tumor control [3]. However, the utility of 
larger radiation fields – that is, prophylac-
tic irradiation of the whole pelvis, remains 
in doubt. A large cooperative group trial 
(RTOG 9413) enrolled 1323 patients in 
a two-by-two randomized trial seeking 
to assess the role of whole-pelvic radia-
tion compared with prostate radiation 
only; and neoadjuvant hormonal ther-
apy compared with adjuvant therapy. 
Unfortunately, this trial did not succeed 
in providing clear answers, possibly owing 
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to an unexpected interaction between the size 
of the radiation field and hormonal therapy [4]. 
The currently accruing trial RTOG 0924 is try-
ing to answer the question regarding field size.

The manuscript published in this issue by 
Pinkawa et al. provides important insight 
regarding why whole pelvic irradiation may be 
less beneficial than expected in prostate can-
cer [17]. Pinkawa et al. retrospectively reviewed 
hematological changes during radiation therapy 
for prostate cancer. They noted that: radiation 
therapy significant depressed all blood lineages 
in peripheral blood, especially lymphocytes; 
these changes were prolonged – continuing at 
least 6–7 weeks following completion of therapy 
(unfortunately, we do not know what happens 
at later time points); whole-pelvic radiation 
therapy is more detrimental than prostate-only 
radiation therapy; and neoadjuvant hormonal 
therapy decreased hemoglobin levels. Although 
end points in this study were confined to crude 
blood counts, we speculate that they reflect a 
detrimental impact on immune system function 
and tumor oxygenation, possibly  explaining the 
disappointing results of RTOG 9413.

Role of the immune system in cancer 
therapy
After many decades of basic research, the 
importance of the immune response in pre-
venting and treating cancer is no longer con-
troversial. For many years, we have known that 
subjects with prolonged immunosuppression 

are at increased risk of developing cancers [5–7]. 
More recently Phase III randomized trials have 
demonstrated the efficacy of immunotherapy 
in metastatic melanoma, renal cell cancer and 
prostate cancer, with trails underway in almost 
every disease site.

●● Radiation therapy & the immune system
The relationship between radiation therapy 
and the immune system is complex [8,9]. On 
the one hand, radiation therapy may augment 
the immune response, for example, by killing 
cancer cells, increasing the tumor’s antigenicity; 
and rendering surviving tumor cells more sus-
ceptible to immune-mediated killing through 
increased MHC class I presentation. On the 
other hand, the immune system may help radia-
tion therapy, eradicating residual disease inside 
and outside of the radiation field (Figure 1). The 
extreme demonstration of these interactions is 
the occasionally observed phenomenon when 
radiation can also reduce tumor growth out-
side the treatment field, the so called ‘a bscopal 
effect’.

More recently, a research team at John 
Hopkins led by Stuart Grossman has suggested 
another mechanism through which radiation 
may suppress the immune response [10]. They 
noted that in a range of cancers (high-grade 
glioma, squamous head and neck cancer, pan-
creatic adenocarcinoma – both in the locally 
advanced and adjuvant setting, non-small-cell 
lung cancer) radiation/chemoradiation can 

Figure 1. Balance between radiation-induced stimulation and suppression of the immune 
system. 
RT: Radiation therapy.
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induce severe treatment-related lymphopenia. 
Furthermore, they correlated severe lympho-
penia with early tumor progression in each of 
these disease settings [10–14].

It is often assumed that the effect of radia-
tion therapy on peripheral blood counts is the 
result of bone marrow irradiation, where the 
normal stem cells are very sensitive to DNA 
damage. Two recent papers propose alternative 
mechanisms: lymphopenia maybe caused by 
apoptosis of lymphocytes passing through the 
radiation field [14]. The authors estimate that 
during 6 weeks of partial brain irradiation in 
glioblastoma, 99% of lymphocytes receive at 
least 0.5 Gy, with a mean circulating lympho-
cyte dose of 2 Gy sufficient to induce apoptosis 
in these highly sensitive cells. A complimen-
tary paper suggests that cytokine deficiency 
may be an aggravating factor. Glioblastoma 
patients with lymphopenia were unable to 
mount an appropriate compensatory cytokine 
response (IL-7 and Il-15) that would normally 
act to increase the circulating lymphocyte 
 population [15].

Looking only at crude blood counts may 
underestimate the effect of cytotoxic therapies 
on the immune system. Schuler et al. examined 
lymphocyte subtypes in patients with head and 
neck cancer undergoing chemoradiation [16]. 
They found that chemoradiation decreased 
the overall number of circulating CD4 helper 
cells, but paradoxically increased the number 
of CD4+ CD39+ Tregs that serve to dampen 
the immune response. Furthermore they found 
that the increase in Tregs persisted years after 
the conclusion of therapy.

Modulating the immune system–radiation 
interaction
For many years, we have downregulated the 
immune system by prescribing chemotherapy 
and steroids during radiation therapy. The 
expanding arsenal of immunomodulators 
(PD-1 inhibitors, tumor vaccines and adoptive 
cell transfer therapies) provides us with unprec-
edented opportunities to modulate and activate 
the immune system during radiation therapy. 
The challenges are immense, and investiga-
tors will need to choose the most appropriate 
patients, immunomodulators and radiation 
therapies in order to succeed.

Pinkawa et al.’s paper, informs us that despite 
the efficacy of radiation therapy in prostate can-
cer, its use is associated with relative lymphope-
nia, and likely immunosuppresion [17]. Either we 
should avoid large radiation fields, or find ways 
to counter the radiation-induced lymphopenia. 
The next generation of radiation oncologists 
should tailor their treatments and determine 
dose based not just on tumor-ablative consid-
erations, but also with a view to maximizing the 
anti-tumor immune response.
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