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EFFECT OF RT ON IMMUNE SYSTEM



RADIOTHERAPY AND IMMUNE SYSTEM 
➢Immunogenic cell death and modulation of the tumour microenvironment.

➢Priming of T Cell in the TME and lymph nodes.

➢Radiation Induced Abscopal effect Well documented in metastatic RCC, Melanoma and 
HCC

➢Formenti et al. showed an objective abscopal response in 9/34 patients (27%) with solid 
metastatic cancers that received GM-CSF and irradiation to one metastatic lesion. 

➢In a randomized phase 1 trial, Sundahl et al. compared Pembrolizumab with sequential 
versus concomitant stereotactic body radiotherapy (SBRT) to the largest metastatic lesion in 
MIBC patients. There was a 44% ORR in non-irradiated metastatic sites when SBRT was 
given concomitantly vs. 0% when given sequentially.

➢Radioresistant tumor cells can still be recognized and destroyed by retargeting of T cells



RADIATION INDUCED LYMPHOPENIA

➢RIL is characterized by acute preferential depletion of CD4 + T-cells and B-cells

➢In a retrospective study of 167 patients treated with Nivolumab or Pembrolizumab, 
baseline and 3-month lymphopenia were associated with shorter PFS.

➢Rudra et al. compared standard RTOG fields with more limited fields in patients with 
glioblastoma undergoing concurrent temozolomide and RT, and found that the 
standard field had a greater decline in total lymphocyte counts at 3 mo.

➢In pancreatic cancer, a series compared patients undergoing SBRT to smaller target 
volumes with patients undergoing concurrent chemoradiotherapy to larger target 
volumes and found a lower incidence of radiation-induced lymphopenia in the SBRT 
group, albeit the concurrent chemotherapy may have been a confounder in this study.



IMMUNOTHERAPY COMBINED WITH RADIOTHERAPY



▪ Radiation induces an immunogenic cell death and causes modifications of the tumor 
microenvironment leading to enhanced antigenicity

▪ On the other hand, radiation can also induce upregulation of PD-L1 axis, leading to T-Cell inhibition 
and reduced anti-tumor activity.

▪ This inhibition can be overcome by checkpoint-inhibitors, which may be one of the reasons for a 
synergistic mode of action



ROLE OF RADIOTHERAPY FOR GENITOURINARY MALIGNANCIES

▪ Prostate cancers: Definitive for almost all non-metastatic stages, Adjuvant/Salvage RT, Ablative for 
oligometastatic sites and palliative RT

▪ Bladder Cancers: Definitive as part of tri-modality treatment, palliative RT, Post-operative (?)

▪ Renal Cancers: Mostly palliative RT, Ablative SBRT for localized RCC

▪ Penile Cancers: Definitive RT (Brachytherapy), Post-op RT, Palliative RT 



IMMUNOTHERAPY IN UROLOGIC MALIGNANCIES: HISTORY



Challenges with Immunotherapy in Genitourinary 
malignancies

▪ Only a subset of patients benefit from IO

▪ The quantum of benefit is very small except in renal cell carcinoma

▪ Cost effectiveness and patient selection based on biomarkers are 
impediments

▪ Rationale for combining IO with synergistic or additive therapy to 
improve outcome



IMMUNE-CHECKPOINT BLOCKADE FOR PROSTATE CANCERS: NICHE ROLE OR 
BREAKTHROUGH



IMMUNOTHERAPY IN PROSTATE 
CANCER
➢Limited role in management of prostate cancer

➢Sipuleucel-T was the first autologous vaccine to prolong survival

➢Unselected immunotherapy strategies have been largely unsuccessful.

➢The only current indication for immune checkpoint inhibitors is with high tumor mutational 
burden or microsatellite instability.



PD-1 INHIBITION IN MMR-DEFICIENT CANCER

Le DT, et al. ASCO 2016. Abstract 103. Le DT, et al. N Engl J Med. 2015;372:2509-2520



MMR MUTATIONS IN M-CRPC

Reprinted from Robinson D, et al. Integrative clinical genomics of advanced prostate cancer. Cell. 2015;161(5):1215-1228. Copyright © 2015 with 

permission from Elsevier Inc



Phase I study on 6 patients. Overall, nivolumab was well tolerated in combination with ADT and HDR treatment. 
One patient experienced a grade 3 dose-limiting toxicity (elevated Alanine aminotransferase and Aspartate aminotransferase) 
after the second cycle of nivolumab. 
Three patients (50%) demonstrated early response with no residual tumor detected in ≥4 of 6 cores on biopsy post-nivolumab 
(4 cycles) and 1-month post–HDR. 
Increase in CD8+ and FOXP3+/CD4+ T cells in tissues, and CD4+ effector T cells in peripheral blood were observed in early 
responders. 



Grade 3–4 treatment-related adverse 
events occurred in six patients (16%), 
with three (10%) requiring high-dose 
corticosteroid therapy. 



▪ Modest clinical response with high toxicities!!



Study Phase Intervention Patient Population Status

NCT01436968

[PrTK03]
III

Aglatimagene besadenovec + 

valacyclovir + standard RT

Intermediate or high risk (1 

high risk feature), M0
Active, not recruiting

NCT02107430 II
Dendritic cells DCVAC/PCa + 

standard RT
High or very high risk Completed

NCT03543189 I/II
Nivolumab + brachytherapy + 

EBRT

Grade group 5, any PSA or T 

stage
Recruiting

NCT01807065 II Sipuleucel-T + EBRT mCRPC Completed

NCT03795207

[POSTCARD]
II Durvalumab + SBRT

Biochemical recurrence 

(BCR), M0
Recruiting

NCT05361798 II
Immunocytokine M9241 + 

SBRT

BCR, ≤5 bone or LN 

metastases
Recruiting

NCT01818986 II Sipuleucel-T + SBRT mCRPC Completed

NCT04071236 I/II
Avelumab + radium Ra 223 

dichloride
mCRPC Recruiting

NCT02232230 Retrospective observational Provenge + RT mCRPC Completed

NCT03007732 II
Pembrolizumab + SBRT +/-

intratumoral SD-101
mCSPC Recruiting

NCT00005916 II PSA-Based Vaccine + RT Treatment naïve local disease Completed

NCT04946370 I/II

225Ac-J591 (a drug that can 

deliver radiation to prostate 

cancer cells) + 

pembrolizumab

mCRPC Recruiting

NCT03217747 I/II Avelumab + utomilumab + RT mCRPC Active, not recruiting

NCT02463799 II Radium-223 + sipuleucel-T mCRPC Completed

Clinical Trials of Immunotherapy and Radiotherapy in Prostate Cancer

https://clinicaltrials.gov/ct2/show/NCT01436968
https://clinicaltrials.gov/ct2/show/NCT02107430
https://clinicaltrials.gov/ct2/show/NCT03543189
https://clinicaltrials.gov/ct2/show/NCT01807065
https://clinicaltrials.gov/ct2/show/NCT03795207
https://clinicaltrials.gov/ct2/show/NCT05361798
https://clinicaltrials.gov/ct2/show/NCT01818986
https://clinicaltrials.gov/ct2/show/NCT04071236
https://clinicaltrials.gov/ct2/show/NCT02232230
https://clinicaltrials.gov/ct2/show/NCT03007732
https://clinicaltrials.gov/ct2/show/NCT00005916
https://clinicaltrials.gov/ct2/show/NCT04946370
https://clinicaltrials.gov/ct2/show/NCT03217747
https://clinicaltrials.gov/ct2/show/NCT02463799


ROLE OF IMMUNE SYSTEM IN ADVANCED BLADDER 
CANCER

High mutational load may match up with immunogenicity and presents valuable 

prognostic information
Martincorena, I., & Campbell, P. J. (2015). Somatic mutation in cancer and normal cells. Science (New York, N.Y.), 349(6255), 1483–1489. 

https://doi.org/10.1126/science.aab4082



THE TREATMENT LANDSCAPE FOR LOCALLY 
ADVANCED/ METASTATIC UROTHELIAL CARCINOMA 
HAS EVOLVED RAPIDLY

Gemcitabine (EMA)
2008

Cisplatin
1978

Atezolizumab*
2016

Nivolumab
2017

Durvalumab*
2017

Avelumab
2017

Pembrolizumab
2017

Erdafitinib
2019
Enfortumab vedotin
2019

Avelumab (maintenance)
2020

Sacituzumab govitecan
2021

*Not FDA approved; indication withdrawn.

Cisplatin PI. ema.europa.eu/en/medicines/human/referrals/gemzar. Rhea. Clin Med Insights Oncol. 2021;15:11795549211044963.
Nivolumab PI. Avelumab PI. Pembrolizumab PI. Erdafitinib PI. Enfortumab vedotin PI. Avelumab PI. Sacituzumab govitecan PI. 

1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018 2022 2023

EV/pembrolizumab
2023



FRONTLINE MANAGEMENT OF METASTATIC UROTHELIAL CARCINOMA

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Bladder Cancer V1.2023. © National Comprehensive Cancer Network, Inc 2023. 



HOW DO WE SEQUENCE THESE AGENTS?

Platinum-based 
chemotherapy

for
4-6 cycles

Immune Checkpoint 
Inhibitors

If CR/PR/SD: avelumab 
switch maintenance

---------
If PD: multiple ICIs approved 

for platinum-refractory 
disease: 

▪ Pembrolizumab (level 1) 
▪ Nivolumab
▪ Avelumab

Enfortumab 
vedotin-ejfv 

(level 1)

Unselected population
Can be used as 

second line

Erdafitinib
Patients with FGFR2/3

alterations who are  
post platinum 

Can be used as second line 
after platinum-based 

chemotherapy

First-line therapy Second-line therapy Third-line therapy

Cisplatin-eligible
patients

Cisplatin-ineligible
patients

Platinum-ineligible
patients

Consideration of clinical trials across the spectrum of metastatic UC treatment 

(Pembrolizumab)

Sacituzumab 
govitecan

Unselected population

Current Treatment Landscape in Metastatic Urothelial Carcinoma

Platinum-based 
chemotherapy

for 4-6 cycles 
or 

Enfortumab vedotin + 
pembrolizumab



ROLE OF Chemo + Anti-PD-1/PD-L1
Leads to Minor Improvements in PFS in ITT

IMvigor130: PFS (ITT)

P
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Keynote 361: PFS (ITT)

Galsky. Lancet. 2020;395:1547. Alva. ESMO 2020. Abstr LBA23. 
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Chemo + Anti-PD-1/PD-L1
Non-Significant Improvements in OS in ITT 

IMvigor130: OS (ITT)

Galsky. Lancet. 2020;395:1547. Alva. ESMO 2020. Abstr LBA23. 

Keynote 361: OS (ITT)
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ROLE OF Anti-PD-1/PD-L1 UPFRONT
OS With Platinum-Based Chemo vs Anti-PD-1/PD-L1 in ITT Populations

DANUBE KEYNOTE-361

Galsky. Lancet. 2020;395:1547. Alva. ESMO 2020. Abstr LBA23. Powles. Lancet Oncol. 2020;21:1574 

OS, mos (95% CI)
PEMBRO 15.6 (12.1-17.9)
CT 14.3 (12.3-16.7)

HR: 0.92 (95% CI: 0.77-1.11)

OS, mos (95% CI)
DURVA 13.2 (10.3-15.0)
CT 12.1 (10.9-14.0)

HR: 0.99 (95% CI: 0.83-1.17)

OS, mos (95% CI)
ATEZO 15.7 (13.1-17.8)
PLACEBO + 
CT

13.1 (11.7-15.1)

HR: 1.02 (95% CI: 0.83-1.24)
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Drug Biomarker Scoring

Pembrolizumab 22C3 TC + IC

Atezolizumab SP142 IC

Nivolumab 28-8 TC

Durvalumab SP263 TC + IC

Avelumab 73-10 TC + IC

TC, tumor cell; IC, immune cell

role for biomarker selection for 
IMMUNOTHERAPY



OS For Platinum-based Chemo vs Anti-PD-1/PD-
L1 in    PD-L1+ Populations

Galsky. Lancet. 2020, 395:1547. Alva. ESMO 2020. Abstr LBA23. Powles. Lancet Oncol. 2020;21:1574 

DANUBE KEYNOTE-361
OS, mos (95% CI)

PEMBRO 16.1 (13.6-19.9)
CT 15.2 (11.6-23.3)

HRHR: 1.01 (95% CI: 0.77-1.32)

OS, mos (95% CI)
DURVA 14.4 (10.4-17.3)
CT 12.1 (10.9-14.0)

HR: 0.89 (95% CI: 0.71-1.11); 
P = .3039

OS, mos (95% CI)
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HR: 0.68 (95% CI: 0.43-1.08)
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Can Anti-CTLA4 + PD-L1 ↑ ORR Enough to Compete 
With Chemo?

Powles. Lancet Oncol. 2020;21:1574.

DANUBE (ITT) DANUBE (PDL1+)

Arm OS, mos
D + T 15.1 HR: 0.85 (95% CI: 

0.72-1.02), P = .075CT 12.1
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Study Phase Intervention Patient Stage Status

NCT03529890

[RACE-IT]
II

Nivolumab + RT + radical cystectomy 

with pelvic lymphadenectomy
cT3 –T4 cN0/N + cM0 Active, not recruiting

NCT05445648

[CBPTMI]
II Tislelizumab + TURBT + RT cT2 –T4a N0M0 Not yet recruiting

NCT04543110

[RADIANT]
II Durvalumab + RT cT2 –T4a N0M0 Recruiting

NCT03702179

[IMMUNOPRESERVE]
II NCT04216290 + tremelimumab + RT cT2 –T4a N0M0 Active, not recruiting

NCT03747419 II Avelumab + RT ≥pT2, cN0M0 Recruiting

NCT04216290

[INSPIRE]
II durvalumab + RT + chemotherapy Any T, any N, M0 Recruiting

NCT04902040 I/II

Plinabulin + RT+ atezolizumab or 

Avelumab or durvalumab or Nivolumab 

or Pembrolizumab

Any T, any N, M+ Recruiting

NCT04936230 II Atezolizumab + SBRT Any T, any N, pM+ Recruiting

NCT03617913 II
Avelumab + RT + cisplatin 

chemotherapy
pT2 –T4a N0M0 Completed

NCT03697850

[BladderSpar]
II Atezolizumab + chemo-radiotherapy pT2 –T3 cM0 Recruiting

NCT02621151 II
Pembrolizumab + EBRT + gemcitabine 

+ TURBT
T2 –T4a, N0M0 Active, not recruiting

NCT03693014 II
SBRT + ipilimumab + nivolumab + 

pembrolizumab + atezolizumab
Any T, any N, M+ Recruiting

NCT03775265 III Atezolizumab + chemoradiotherapy T2 –T4a N0M0 Recruiting

NCT05241340

[RAD-VACCINE]
II

Sasanlimab + SBRT + radical 

cystectomy
cT2 –4a N0M0 Recruiting

NCT03915678

[AGADIR]
II

Atezolizumab + BDB001 (toll-like 

receptor agonist) + RT
cM+ Recruiting

NCT04977453 I/II GI-101 + RT “Advanced and/or metastatic” Recruiting

NCT04241185

[KEYNOTE-992]
III

Pembrolizumab + RT + ciplatin + 5-FU 

+ Mytomycin C + gemcitabine vs. 

Placebo to pembrolizumab

cT2 –T4, N0M0 Recruiting

NCT03768570 II Trimodality therapy +/- durvalumab cT2 –T4 N0M0 Recruiting

Clinical Trials of Immunotherapy and Radiotherapy in Bladder Cancer

https://clinicaltrials.gov/ct2/show/NCT03529890
https://clinicaltrials.gov/ct2/show/NCT05445648
https://clinicaltrials.gov/ct2/show/NCT04543110
https://clinicaltrials.gov/ct2/show/NCT03702179
https://clinicaltrials.gov/ct2/show/NCT04216290
https://clinicaltrials.gov/ct2/show/NCT03747419
https://clinicaltrials.gov/ct2/show/NCT04216290
https://clinicaltrials.gov/ct2/show/NCT04902040
https://clinicaltrials.gov/ct2/show/NCT04936230
https://clinicaltrials.gov/ct2/show/NCT03617913
https://clinicaltrials.gov/ct2/show/NCT03697850
https://clinicaltrials.gov/ct2/show/NCT02621151
https://clinicaltrials.gov/ct2/show/NCT03693014
https://clinicaltrials.gov/ct2/show/NCT03775265
https://clinicaltrials.gov/ct2/show/NCT05241340
https://clinicaltrials.gov/ct2/show/NCT03915678
https://clinicaltrials.gov/ct2/show/NCT04977453
https://clinicaltrials.gov/ct2/show/NCT04241185
https://clinicaltrials.gov/ct2/show/NCT03768570


Survival in renal cancers



IMDC Prognostic SCORE



First LINE IMMUNOTHERAPY Trials in M-RCC

Efficacy Endpoints

CheckMate 214*1

Ipi/Nivo 
(N = 1096)

KEYNOTE-4262,3

Axi/Pembro
(N = 861)

CheckMate 9ER4

Cabo/Nivo 
(N = 651)

CLEAR5,6

Len/Pembro 
(N = 1069)

COSMIC-3137

Cabo/Nivo/Ipi
(N = 855)

Median PFS, mo
HR (95% CI)

12.3
0.86 (0.73-1.01)

15.7
0.69 (0.59-0.81)

16.6
0.58 (0.48-0.71)

23.9
0.47 (0.38-0.57)

NR
0.73 (0.57-0.94))

Median OS, mo
HR (95% CI)

55.7
0.72 (0.62-0.85)

47.2
0.84 (0.71-0.99)

49.5
0.70 (0.56-0.87)

53.7
0.79 (0.63-0.99)

-
-

ORR/CR, % 42/12 61/12 56/12 71/18 43/3

Sarcomatoid 
Features, %

13 12 11.5 7.9 NA

AEs leading to d/c 23 10.7 7 37.2 45

IMDC or MKSCC 
Risk F/I/P, %

23/61/17 32/55/13 23/58/20 31/59/9 0/75/25

Median follow-up, 
(months)

67.7 67 44.0 48 14.9

1. Motzer. Cancer. 2022;128:2085. 2. Rini. ASCO 2021. Abstr 4500. 3. Rini. ASCO 2023. Abstr LBA4501. 4. Burotto. ASCO GU 2023. Abstr 603. 5. Choueiri. Lancet Oncol. 

2023;24:228. 6. Motzer. ASCO 2023; Abstr 4502. 7. Choueiri. NEJM. 2023;388:1767. 

*Intermediate/poor risk group only



Cross-Trial Comparison of Response in ITT 
Population
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CheckMate-025: Nivolumab in Previously Treated Metastatic RCC 
Nivolumab metastatic Rcc with ≤ 2 pRioR aNtiaNgiogeNic theRapies 
aNd ≤ 3 total pRioR systemic RegimeNs (N = 821) 

Motzer R, et al. N Engl J Med. 2015;373:1803-1813.



CheckMate-025: OS by PD-L1 Expression PD-L1 < 1%



➢ IO has an established role in the treatment of mRCC (Nivolumab) 

➢New standard established with recent IO data in first line mRCC (int/ 
poor risk) 

➢A number of ongoing studies in the first line setting with IO 
combination studies show promise 

➢Cost and access present a major challenge which needs to be overcome



NCT01896271 Metastatic ccRCC Phase II SBRT + HD IL-2 26

NCT03065179 Metastatic ccRCC Phase II SBRT + Nivolumab + 

Ipilimumab

29

NCT02306954 Metastatic RCC Phase II HD IL-2 ± SBRT 84

NCT02781506 Metastatic ccRCC Phase II SBRT + Nivolumab 7

NCT01884961 Metastatic ccRCC Phase II SBRT + HD IL-2 35

NCT03050060 Metastatic ccRCC Phase II hypofractionated RT + 

Nelfinavir + 

(Pembrolizumab or 

Nivolumab or 

Atezolizumab)

120

NCT02599779 Metastatic RCC Phase II SBRT + Pembrolizumab 35

NCT03115801 Metastatic RCC Phase II Nivolumab ± RT 112

NCT03469713 Metastatic RCC Phase II SBRT + Nivolumab 69

NCT03511391 RCC Phase II Nivolumab ± SBRT 99

NCT02992912 Metastatic RCC Phase II SBRT + Atezolizumab 187

NCT04090710 Metastatic RCC Phase II Ipilimumab/Nivolumab±

SBRT

78

Study Eligibility Design Intervention Planned 

Enrollment

Clinical Trials of Immunotherapy and Radiotherapy in RENal Cancer

https://clinicaltrials.gov/ct2/show/NCT01896271
https://clinicaltrials.gov/ct2/show/NCT03065179
https://clinicaltrials.gov/ct2/show/NCT02306954
https://clinicaltrials.gov/ct2/show/NCT02781506
https://clinicaltrials.gov/ct2/show/NCT01884961
https://clinicaltrials.gov/ct2/show/NCT03050060
https://clinicaltrials.gov/ct2/show/NCT02599779
https://clinicaltrials.gov/ct2/show/NCT03115801
https://clinicaltrials.gov/ct2/show/NCT03469713
https://clinicaltrials.gov/ct2/show/NCT03511391
https://clinicaltrials.gov/ct2/show/NCT02992912
https://clinicaltrials.gov/ct2/show/NCT04090710


PRACTICAL CONSIDERATIONS OF COMBINING RT WITH 
IMMUNOTHERAPY:
SEQUENCING /DOSE FRACTIONATION

➢Pre-clinical studies have shown that dose per fraction greater than 6–8 Gy are required to 
produce an effective immunogenic response.

➢A multi-fractionated regimen was superior to single dose regimens in decreasing tumor 
growth at non-irradiated sites.

➢In bladder cancer mouse models, ICIs were more effective when combined with a 10 Gy ×2 
or 6.25 Gy×2 RT regimens than with a 10 Gy×1 regimen.

➢Optimal sequencing of immunotherapy and RT, the optimal immunotherapy agent and its 
duration, and the role of chemotherapy need to be elucidated. 

➢Additionally, details regarding the RT, such as the optimal dose/fractionation, target volume, 
and site to irradiate are not known.



➢Dovedi et al. found that 10 Gy directed to tumors in mice with colon cancer 
induced tumor cell PD-L1 expression, which peaked at 72 h and declined 
significantly in the 1st week. In this study, concurrent administration of anti- PD-
L1 antibody, rather than after RT, led to improved survival. 

➢A similar increase in PD-L1 expression after RT was seen in an in vivo study of 
mice injected with murine bladder cancer, with improved survival with anti-PD-L1 
antibody delivered concurrently.

➢Young et al. compared the efficacy of anti-OX40 and anti-CTLA4 with 20Gy in a 
single fraction in a CT26 murine colorectal cancer model in mice. The 
investigators found that survival with RT and anti-OX40 was best if 
immunotherapy was delivered 1 day after RT, while survival with RT and anti-
CTLA4 was best if immunotherapy was delivered 7 d prior to the start of RT.



RT VOLUME AND SITES OF 
DISEASE

➢Whether pelvic elective nodal irradiation (ENI) could directly or indirectly affect 
the immune response. 

➢ENI also adversely affected survival when combined with ICIs. 

➢Other studies have shown a strong correlation between the RT volume and RT-
induced lymphopenia.

➢Which metastatic site to irradiate if several are present. Most reported cases of the 
abscopal effect involved RT to visceral metastases. Visceral sites may be more 
immunogenic than osseous sites.

➢In the phase I trial by Tang et al. combining ipilimumab with SBRT for metastatic 
cancers, irradiation to the liver led to a greater immunologic response than 
treatment to lung tumours.



➢Irradiating multiple sites of disease reduces tumor burden while also increasing the 
likelihood of exposure and priming to the desired tumor-associated antigens. This would 
circumvent the inhibitory effects of the TME within each individual tissue bed, thus 
increasing the probability of activation of the anti-tumor immune process

➢Inconsistency between the gene mutation of the primary lesion and the metastasis might 
cause the antigen released by radiotherapy of a single lesion not suitable for other 
lesions, which makes it unable to entirely exert the immune effect induced by 
radiotherapy.

➢Lemons et al. reported on patients treated in an institutional trial of pembrolizumab and 
SBRT for metastatic disease, and found that large tumors that underwent partial 
irradiation had similar local control to smaller tumors that were entirely encompassed by 
SBRT doses



ADVERSE EVENTS WITH IMMUNOTHERAPY

Michot. Eur J Cancer. 2016;54:139. Steven. Rheumatology (Oxford). 2019;58(Suppl 7):vii29. Robert. ASCO 2017. Education session: 

Checkpoint inhibitor immunotherapy. Clinical images reproduced with permission of Dr. Caroline Robert, MD, PhD.
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