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ABSTRACT
Background Immunotherapy is currently part of the 
standard of care for patients with advanced- stage non- 
small cell lung cancer (NSCLC). However, many patients 
do not respond to this treatment, therefore combination 
strategies are being explored to increase clinical 
benefit. The PEMBRO- RT trial combined the therapeutic 
programmed cell death 1 (PD- 1) antibody pembrolizumab 
with stereotactic body radiation therapy (SBRT) to increase 
the overall response rate and study the effects on the 
tumor microenvironment (TME).
Methods Here, immune infiltrates in the TME of patients 
included in the PEMBRO- RT trial were investigated. Tumor 
biopsies of patients treated with pembrolizumab alone or 
combined with SBRT (a biopsy of the non- irradiated site) at 
baseline and during treatment were stained with multiplex 
immunofluorescence for CD3, CD8, CD20, CD103 and 
FoxP3 for lymphocytes, pan- cytokeratin for tumors, and 
HLA- ABC expression was determined.
Results The total number of lymphocytes increased 
significantly after 6 weeks of treatment in the anti- PD- 1 
group (fold change: 1.87, 95% CI: 1.06 to 3.29) and 
the anti- PD- 1+SBRT group (fold change: 2.29, 95% CI: 
1.46 to 3.60). The combination of SBRT and anti- PD- 1 
induced a 4.87- fold increase (95% CI: 2.45 to 9.68) in 
CD103+ cytotoxic T- cells 6 weeks on treatment and a 
2.56- fold increase (95% CI: 1.03 to 6.36) after anti- PD- 1 
therapy alone. Responders had a significantly higher 
number of lymphocytes at baseline than non- responders 
(fold difference 1.85, 95% CI: 1.04 to 3.29 for anti- PD- 1 
and fold change 1.93, 95% CI: 1.08 to 3.44 for anti- PD- 
1+SBRT).
Conclusion This explorative study shows that that 
lymphocyte infiltration in general, instead of the infiltration 
of a specific lymphocyte subset, is associated with 
response to therapy in patients with NSCLC.
Furthermore, anti- PD- 1+SBRT combination therapy 
induces an immunological abscopal effect in the TME 
represented by a superior infiltration of cytotoxic T cells as 
compared with anti- PD- 1 monotherapy.

BACKGROUND
The recent introduction of immunotherapy 
has greatly improved clinical outcomes for 
a subset of patients with non- small cell lung 
cancer (NSCLC), as evidenced by long- lasting 
responses.1 2 Immunotherapy targeting 
the programmed death- ligand 1 (PD- L1)/
programmed cell death 1 (PD- 1) pathway, 
also known as immune checkpoint inhibition 
(ICI), with or without chemotherapy, is now 
the standard of care treatment for patients 
with advanced NSCLC without actionable 
targets.3–5 Unfortunately, many patients with 
NSCLC do not respond to ICI therapy.6 One 
of the biggest challenges lies in finding solu-
tions for non- responding patients.

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Immunotherapy and stereotactic body radiation 
therapy (SBRT) combined increased the overall re-
sponse rate compared with immunotherapy alone in 
patients with metastatic non- small cell lung cancer 
in the PEMBRO- RT study (NCT02492568).

WHAT THIS STUDY ADDS
 ⇒ The presence of high numbers of lymphocytes in the 
TME before treatment is associated with response 
to immunotherapy and SBRT in patients with lung 
cancer.

 ⇒ The addition of SBRT to immunotherapy increases 
the number of lymphocytes within the TME of non- 
irradiated tumor sites in patients with lung cancer.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Understanding the immunological abscopal effect in 
the TME may lead to better therapeutic options for 
patients who do not respond to combination therapy.
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Radiotherapy currently has an essential role in the 
treatment of symptoms in advanced NSCLC. In addi-
tion, historical evidence suggests that radiotherapy can 
influence the anticancer immune response. Incidental 
instances of an abscopal effect, whereby irradiating one 
tumor lesion leads to the shrinkage or disappearance of 
other tumor lesions,7 have led to a new avenue of inves-
tigations into the synergistic possibilities of combining 
immunotherapy with radiotherapy.

The underlying mechanism for an abscopal effect of 
radiotherapy, based on preclinical models, might be the 
release of double- stranded DNA and RNA activating the 
‘stimulator of interferon (IFN) genes’ signaling pathway 
in dendritic cells (DCs) through type I IFN- driven immune 
activation. Recruited DCs can take up tumor antigens, 
migrate to lymph nodes and (cross- )present antigens to 
T- cells. These T- cells can migrate to the tumor, infiltrate 
the tumor microenvironment (TME) and kill tumor 
cells.8–10 Radiotherapy can also influence myeloid- derived 
suppressor cells (MDSCs), drive pro- inflammatory macro-
phage polarization and increase PD- L1 expression in 
tumors.11–14 Furthermore, radiotherapy can upregulate 
major histocompatibility complex (MHC) class I expres-
sion.8 15 Combination of anti- PD- 1 treatment with radia-
tion therapy might therefore be beneficial for immune 
recognition via MHC class I.

In the randomized PEMBRO- RT trial (NCT02492568),16 
stereotactic body radiotherapy (SBRT) to a single tumor 
lesion preceding pembrolizumab treatment increased the 
overall response rate (ORR) from 18% to 36% compared 
with pembrolizumab alone in patients with metastatic 
NSCLC, thereby confirming the previously formulated 
hypotheses in a randomized fashion.17 18 However, it 
remains unclear through which mechanisms SBRT affects 
the anti- cancer immune response when combined with 
pembrolizumab.

We explore the difference in immune cell composi-
tion within the TME of patients from the PEMBRO- RT 
trial treated with pembrolizumab with or without SBRT. 
Multiplex immunofluorescence (mIF) with automated 
quantitative image analysis conserving spatial and archi-
tectural information is used to study different immune 
cell populations within the TME of these patients. Insight 
into how SBRT on one lesion alters the TME immune 
composition of other, distant lesions in pembrolizumab- 
treated patients can increase our understanding of the 
mechanisms behind improved therapy response, with the 
ultimate goal to increase the clinical benefit of immuno-
therapy for patients with NSCLC.

MATERIALS AND METHODS
Patient material
Tumor material was collected from patients with stage 
IV NSCLC treated within the PEMBRO- RT study 
(NCT02492568),16 who received either pembrolizumab 
alone (anti- PD- 1 group) or pembrolizumab combined 
with SBRT (anti- PD- 1+SBRT group). On- treatment 

samples were collected 6 weeks after the start of pembroli-
zumab and were obtained from a non- irradiated site 
(online supplemental figure 1). Note that, as overall 
survival 6 weeks after treatment was still >95% in this trial, 
any differences found between baseline and on- treatment 
samples in this study are unlikely to result from a survi-
vor’s bias.

Tumor tissue was collected based on accessibility for 
biopsy. All biopsies were collected from tumor locations 
outside the radiotherapy field. On- treatment biopsies 
were obtained from the same lesion as the biopsy obtained 
at baseline. The samples were collected at the Nether-
lands Cancer Institute, Erasmus Medical Center and the 
VU University Medical Center. The trial was conducted 
in accordance with the provisions of the Declaration of 
Helsinki19 and the Good Clinical Practice guidelines of 
the European Medicines Agency and the US Food and 
Drug Administration.

Patient samples and characteristics
Biopsy material was available for 62 out of the 76 patients 
treated in the PEMBRO- RT trial.16 Samples were evalu-
ated for quality and excluded if no sufficient tumor mate-
rial was present. After quality assessment, baseline biopsy 
material from 56 patients was suitable and selected for 
further analysis (27 in the anti- PD- 1+SBRT group and 29 
in the anti- PD- 1 group). In the anti- PD- 1+SBRT group, 15 
matched (baseline and on- treatment) and 3 on- treatment 
only biopsies were of adequate quality. In this group, 
biopsies were taken from tumors that were not irradi-
ated. In the anti- PD- 1 group, there were 13 matched and 
3 on- treatment only biopsies. Due to insufficient tumor 
biopsy material, HLA- ABC was determined on 24 base-
line samples and 16 on- treatment samples in the anti- 
PD- 1+SBRT group. Similarly, 27 baseline samples and 15 
on- treatment samples in the anti- PD- 1 group were stained 
and analyzed for HLA- ABC. For several patients, paired 
samples were not available. To prevent loss of data and 
selection bias, unpaired analysis, including all available 
data, was performed.

Patient characteristics of the 62 patients from the 
PEMBRO- RT cohort with available biopsy material are 
provided in table 1. Patients with NSCLC with an adeno-
carcinoma (n=48), squamous cell carcinoma (n=9) and 
large- cell neuroendocrine tumors (n=4) were included. 
Groups were comparable in sex, age and smoking status 
(see table 1). In the anti- PD- 1 group, the PD- L1 status was 
missing for one patient. The anti- PD- 1+SBRT group had 
slightly more patients with a PD- L1 tumor proportion 
score of 50% or higher than the anti- PD- 1 group (23% vs 
13%) and also more patients with PD- L1 expression ≥1% 
(43% vs 30%).

Multiplex immunohistochemistry
Formalin- fixed and paraffin- embedded tumor samples 
were sectioned at 4 µm thickness and mounted onto 
Superfrost PLUS slides (900226, VWR). Slides were 
stained using the Bond RX autostainer (Leica Biosystems) 

https://dx.doi.org/10.1136/jitc-2022-005248
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with one seven- color mIF panel and one three- color 
mIF panel using the Opal 7- color Automation IHC Kit 
(NEL801001KT; PerkinElmer). The order of antibody/
opal staining cycles was optimized for lung cancer tissue 
using a previously developed optimization protocol.20

Slides were deparaffinized with Bond dewax solu-
tion (AR9222, Leica Biosystems). Epitope retrieval was 
achieved by heating the slides to 95°C and incubating 
them with Bond Epitope Retrieval 2 (AR9640, Leica 
Biosystems) for 20 min. Blocking was performed with 
antibody diluent (Opal kit NEL801001KT; PerkinElmer) 
for 10 min at room temperature. Primary antibody incu-
bations were performed for 1 hour at room tempera-
ture. Secondary antibody (Opal kit NEL801001KT; 

PerkinElmer) incubations were performed for 30 min at 
room temperature.

The first seven- color mIF ‘lymphocyte’ panel was 
stained with the following antibody/opal combination; 
anti- CD8 (Dako, M7103, clone C8/144B, 1:100) and 
Opal690, anti- CD20 (ThermoFisher, MS- 340, clone L26, 
1:600) and Opal570, anti- CD3 (ThermoFisher, clone 
RM- 9107, 1:200) and Opal520, anti- CD103 (Cell Marque, 
437R- 14, clone EP206, 1:50) and Opal620, anti- FOXP3 
(eBioscience Affymetrix, 14- 4777, clone 236A/E7, 1:100) 
and Opal540, anti- pan- cytokeratin (Abcam ab86734, 
clone AE1/AE3+5D3, 1:500) and Opal650.

The second three- color mIF ‘tumor’ panel was stained 
with the following antibody/opal combination: anti- 
HLA- ABC (Abcam, ab70328, clone EMR8- 5, 1:1000) and 
Opal520, anti- indoleamine 2,3- dioxygenase (IDO) (EMD 
Millipore, MAB10009, clone IF8- 2, 1:100) and Opal570, 
anti- pan- cytokeratin (Abcam ab86734, clone AE1/
AE3+5D3, 1:500) and Opal650. After quality assessment, 
the IDO staining was of insufficient quality and discarded 
for further analysis. All tissue sections were manually 
counterstained with 4′,6- diamidino- 2- phenylindole 
(DAPI) and mounted with Fluoromount- G (0100- 01; 
Southern Biotech).

Tissue imaging, segmentation and analysis
Slides were scanned using the Automated Quantita-
tive Pathology Imaging System (Vectra V.3.0.4, Perkin-
Elmer) at an overview (4× magnification). Phenochart 
(V.1.0.9, PerkinElmer) was used to annotate multispectral 
images of tumor tissue to be scanned at 20× magnifica-
tion. InForm software (V.2.4.2, PerkinElmer) was used 
for spectral unmixing of Opal fluorophores. Spectral 
unmixed images were digitally merged to create high 
magnification overviews of the tissue slides. Samples 
were assessed by a pathologist (ML/KG), and a region 
of interest (ROI) was selected containing the tumor and 
all surrounding stroma. Healthy tissue surrounding the 
tumor was excluded from the ROI. Tissue was segmented 
using inForm software to identify tumor regions (pan- 
cytokeratin positive areas). Due to the nature of the 
available tissue (ie, most samples were small biopsies), it 
was not possible to reliably identify an invasive margin, 
therefore we analyzed the lymphocyte infiltration per 
sample and no further distinction between tumor infil-
trating lymphocytes or tumor excluded lymphocytes was 
made. HLA- ABC staining was converted to pseudo- 3,3′-
diaminobenzidine staining and scored for the absence of 
membranous expression of HLA- ABC.

Automated detection of immune cell types
Because the inForm software cannot always reliably 
assign immune cell types in dense tissues such as tumors, 
immune cell phenotypes were instead identified using a 
neural network called ImmuNet. Details are described in 
the ImmuNet preprint.21 The version of ImmuNet used 
to detect lymphocytes and the input images/ROIs will be 
deposited on Zenodo on acceptance of this manuscript.

Table 1 Patient characteristics of the study cohort of 62 
patients with available biopsy material

αPD- 
1+SBRT
n (%)

αPD- 1
n (%)

Total
n (%)

Sex

  Male 16 (53) 19 (60) 35 (57)

  Female 14 (47) 13 (40) 27 (43)

Age

  In years at 
randomization 
(range)

61 (35–75) 62 (38–78) 61 (35–78)

Smoking

  Current 7 (23) 3 (10) 10 (16)

  Former 20 (67) 26 (84) 46 (76)

  Never 3 (10) 2 (6) 5 (8)

  > 10 pack- year 24 (80) 25 (80) 49 (80)

Histology

  AC 23 (77) 26 (81) 49 (79)

  SCC 5 (17) 4 (13) 9 (15)

  LCNEC 2 (6) 2 (6) 4 (6)

Baseline PD- L1 TPS

  0 17 (57) 22 (70) 39 (64)

  1–49 6 (20) 5 (17) 11 (18)

  ≥50 7 (23) 4 (13) 11 (18)

Best overall response

  PD 12 (40) 18 (56) 30 (48)

  SD 4 (13) 8 (25) 12 (19)

  PR 11 (37) 5 (16) 16 (26)

  CR 3 (10) 1 (3) 4 (7)

Numbers represent n (%) and for age median age in years at 
randomization (range).
AC, adenocarcinoma; CR, complete response; LCNEC, large 
cell neuroendocrine carcinoma; PD, progressive disease; PD- 1, 
programmed cell death 1; PD- L1, programmed death- ligand 1; 
PR, partial response; SBRT, stereotactic body radiation therapy; 
SCC, squamous cell carcinoma; SD, stable disease; TPS, tumor 
proportion score.
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To assess the accuracy of the network on the current 
dataset, 140 small ROIs were selected on the whole slide 
images and fully annotated by human specialists. Then, for 
each ROI, the number of annotated cells was compared 
with the number of cells detected by ImmuNet. The 
agreement between these annotations and the network 
prediction was determined using the intraclass correla-
tion coefficient (ICC, computed using the ‘icc’ func-
tion of R package ‘irr’ (v0.84.1)22 with model=‘twoway’, 
type=‘agreement’, unit=‘single’).

Lymphocytes identified by the neural network were 
converted to densities per ROI (cells/mm2), saved in 
Flow Cytometry Standard files and further phenotyped 
using FlowJo software (V.10; Tree Star; online supple-
mental figure 2).

Statistical analysis
Statistical analysis and data visualization of results was 
performed with R (V.4.0.5, RRID

SCR_001905) and PRISM 8 (GraphPad, GSL Biotech, 
California, USA).

For principal component analysis (PCA), lymphocyte 
densities were log- transformed (adding 0.1 to the raw densi-
ties to avoid problems when log- transforming zero densi-
ties). PCA was performed using R’s ‘princomp’ function 
(default settings). Responders and non- responders in PCA 
plots were compared in two ways: (1) by plotting 95% confi-
dence regions (based on the covariance matrix of the first 
two principal components (PCs)) for each group using R’s 
‘ellipse’ package (V.0.4.2) and (2) by performing a Welch’s 
two- sample t- test on the PC1 scores (‘t.test’ function in R 
with default settings). Note that both these comparison 
methods only yield rough estimates because they falsely 
assume that input data points are independent of each other 
(all data influence the PC loadings and thus their PC scores). 
We report these metrics here as a rough indication, but 
they should be interpreted with caution as they may differ 
(slightly) from the actual p values and confidence regions.

Data were plotted in graphics resembling the Gardner- 
Altman plot to compare lymphocyte densities between 
baseline and on- treatment samples, or between responders 
and non- responders.23 These plots show both the groupwise 
lymphocyte densities and the 95% CI of the fold change 
between groups (derived from a Welch’s two- sample ‘t.test’ 
in R on the log- transformed lymphocyte densities).

The linear (Pearson’s) correlation coefficient was 
measured between the log- transformed densities to assess 
correlations between lymphocyte (sub)populations.

Due to the explorative nature of this study, no correction 
for multiple testing was applied.

RESULTS
A computational neural network detects lymphocyte 
populations in the tumor microenvironment of patients with 
NSCLC
To investigate the TME composition within patient 
samples at baseline and after 6 weeks of treatment, an mIF 

panel was developed containing six markers and DAPI. 
This panel enabled the identification of six lymphocyte 
subsets: helper T- cells, CD103+ helper T- cells, cytotoxic 
T- cells, CD103+ cytotoxic T- cells, regulatory T- cells and 
B- cells (figure 1A,B). CD3+ CD8− FoxP3− cells are regarded 
as T helper cells. The presence of NKT cells or double 
negative TILs within this CD3+ CD8− FoxP3− population 
is considered neglectable since these cells are, in NSCLC 
tissue, only present in minute numbers (0.39%–1.4% of 
lymphocytes).24 25 Integrin CD103 is a marker for tissue- 
resident T cells and was used to identify intra- epithelial 
T- cells.26 Lymphocytes were identified using ImmuNet, 
a computational neural network developed to detect the 
lymphocytes stained with this mIF panel (figure 1C).21 
The accuracy of the neural network for identifying 
lymphocytes in this dataset was determined (ICC=0.98, 
figure 1D). Analysis of the whole ROI, containing both 
tumor and stroma, or only the segmented tumor region 
showed similar outcomes (data not shown). For simplicity, 
all downstream analyses are therefore based on the whole 
ROI.

Total lymphocyte infiltration, but not specific lymphocyte 
subset infiltration at baseline, is associated with response to 
therapy
The immune cell density within the TME can vary exten-
sively, as shown in figure 2A,B. Furthermore, it has previ-
ously been associated with response to ICI.27 In our cohort, 
both treatment groups had similar amounts of lympho-
cytes at baseline (online supplemental figure 3). As can 
be seen in table 1, the anti- PD- 1+SBRT group had slightly 

Figure 1 Analysis of multiplex immunofluorescence images 
and lymphocyte subsets using a custom neural network. 
(A) Multispectral image at 20× magnification stained with 
multiplex panel containing CD3, CD8, CD20, CD103 and 
FoxP3. (B) Image after immune cell detection with a neural 
network. (C) Overview of lymphocyte subsets. (D) Accuracy 
of neural network in detecting T- cells and B- cells. ICC, 
intraclass correlation coefficient; ROI, region of interest.

https://dx.doi.org/10.1136/jitc-2022-005248
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more patients with a PD- L1 tumor proportion score of 
50% or higher than the anti- PD- 1 group (23% vs 13%). 
Although we observed higher lymphocyte numbers with 
higher PD- L1 expression, no trend in higher lymphocyte 
numbers for the anti- PD- L1+SBRT group compared with 
the anti- PD- L1 alone group was observed (online supple-
mental figure 4). The total number of lymphocytes present 
in the TMEs was higher on treatment compared with base-
line, an effect that was more pronounced in the anti- PD- 
1+SBRT group (fold change: 2.29, 95% CI: 1.46 to 3.60, 
p<0.0001) than in the anti- PD- 1 group (fold change: 1.87, 
95% CI: 1.06 to 3.29, p=0.014) (figure 2C–E). To further 
characterize the association of immune cell infiltrates with 
response to immunotherapy in pembrolizumab±SBRT- 
treated patients with NSCLC, we compared immune cell 
infiltrates at baseline between patients who did and did 
not respond. Responders (defined as complete response, 
partial response or stable disease for a minimum of 12 
weeks according to the RECIST V.1.1 criteria28) had a 
significantly higher number of lymphocytes at baseline 
compared with the non- responders in both the anti- PD- 1 
group (fold change: 1.86, 95% CI: 1.04 to 3.29 p=0.036) as 
well as in the anti- PD- 1+SBRT group (fold change: 1.93, 
95% CI: 1.08 to 3.44, p=0.027) (figure 2F,G), confirming 
the link between overall lymphocyte infiltration and 
favorable patient outcome.

Individual- specific lymphocyte subsets correlated strongly 
with the total lymphocytic infiltrate (online supplemental 
figure 5), suggesting that it was mostly the total lymphocyte 

pool—rather than a specific subset—that was associated with 
response to therapy.

However, it is possible that a specific combination of subsets 
may contain an additional predictive value for response 
to therapy over total lymphocyte infiltration. To test this 
hypothesis, we applied PCA on all baseline samples and all 
tested markers to identify which patients have overall similar 
immune infiltrates. PCA transforms multiple variables into 
Cs that explain as much variation in the data as possible. If 
there are separate groups of patients (ie, a cluster) that score 
particularly high or low on a set of PCs, these likely have 
distinct lymphocyte infiltrates that correlate with response 
to therapy. No clusters or correlations, however, could 
be identified by PCA. Most of the variation was explained 
by the first PC, which roughly corresponds with the total 
number of lymphocytes (PC1, with 67% of the variance, 
has positive loadings of similar size for all subsets; see online 
supplemental figure 5). Hence, the PCA analysis confirmed 
that total lymphocyte infiltration before treatment differs 
between responders and non- responders (figure 2H, 
p=0.00064). This difference in baseline total lymphocyte 
infiltrate was more pronounced within the anti- PD- 1+SBRT 
group compared with within the anti- PD- 1 group (online 
supplemental figure 6).

The combination of immunotherapy and irradiation leads to 
an abscopal effect on the tumor microenvironment
To examine how SBRT alters the immune infiltrate of 
pembrolizumab- treated patients, we examined the TME 

Figure 2 Quantification of total lymphocytes in biopsies obtained at baseline (BL) and after 6 weeks (6 wk) of treatment with 
anti- PD- 1 and anti- PD- 1 combined with SBRT. (A) Tumor with a high amount of lymphocytes present within the tumor. (B) Tumor 
with a low amount of lymphocytes present within the tumor. C–E. Quantification of total lymphocytes per mm2. Log- transformed 
data in all samples as well as per treatment group on BL and on- treatment (6 wk) with red dots indicating the fold change and 
red bars its 95% CI. The dashed line represents the mean lymphocyte infiltration at BL. (F–G) Quantification of lymphocytes 
according to best overall response (BOR) with BOR+defined as complete response, partial response or stable disease for a 
minimum of 6 wk according to the RECIST V.1.1 criteria. Red dots indicating the fold change and red bars its 95% CI. The 
dashed line represents the mean lymphocyte infiltration of non- responders. (H) PCA on all BL samples with a difference on 
PC1 (67% of variance) between patients who respond (BOR+) and do not respond (BOR−), p=0.00064—see also ‘Materials 
and methods’ section and online supplemental figures 4,5). PC, principal component; PD- 1, programmed cell death 1; SBRT, 
stereotactic body radiation therapy.

https://dx.doi.org/10.1136/jitc-2022-005248
https://dx.doi.org/10.1136/jitc-2022-005248
https://dx.doi.org/10.1136/jitc-2022-005248
https://dx.doi.org/10.1136/jitc-2022-005248
https://dx.doi.org/10.1136/jitc-2022-005248
https://dx.doi.org/10.1136/jitc-2022-005248
https://dx.doi.org/10.1136/jitc-2022-005248
https://dx.doi.org/10.1136/jitc-2022-005248
https://dx.doi.org/10.1136/jitc-2022-005248
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of non- irradiated tumor sites after 6 weeks of treatment. 
Total lymphocytic infiltrate increased significantly, irre-
spective of the addition of SBRT to pembrolizumab, with 
a fold change of 1.86 (95% CI: 1.06 to 3.29, p=0.012) in 
the anti- PD- 1 group (figure 2D), and a fold change of 
2.29 (95% CI: 1.46 to 3.60, p=0.00071) in the anti- PD- 
1+SBRT group (figure 2E). The relative contributions of 
lymphocyte subsets are displayed in figure 3A, per treat-
ment group at baseline and on- treatment of patients for 
whom matched samples were available (n=29). In indi-
vidual patients, we observed minor shifts in lymphocyte 
composition in the TME after treatment. However, a clear 
trend is lacking (figure 3A).

After 6 weeks on- treatment with either anti- PD- 1 or 
anti- PD- 1+SBRT, an increase in all lymphocyte- subsets was 
observed in the TMEs. Significant increases were observed 
in helper T- cells and cytotoxic T- cells (both CD103+ and 
CD103−) in both patient groups, and in regulatory T- cells 
in biopsies of patients treated with anti- PD- 1+SBRT 
(figure 3B–F). Changes in cell numbers within the TME 
of patients from whom paired samples were available are 
shown in online supplemental figure 7.

Notably, although an increase of T- cells on treat-
ment in both the anti- PD- 1 and anti- PD- 1+SBRT groups 
was observed, the increase after anti- PD- 1+SBRT was 
consistently higher compared with anti- PD- 1 alone 
(figure 3B–F). For CD103+ cytotoxic T- cells specifically, 

the fold change was twice as high for anti- PD- 1+SBRT 
compared with anti- PD- 1 alone (2.56, 95% CI: 1.03 to 6.36 
vs 4.87, 95% CI: 2.45 to 9.68, respectively) (figure 3F). 
B- cells showed no significant differences between the 
groups (figure 3G). Thus, although all T- cell populations 
increased regardless of treatment, both cytotoxic and 
helper T- cells increased more strongly if anti- PD- 1 was 
combined with SBRT.

Absence of HLA-A/B/C cell surface expression does not 
impact lymphocyte infiltration in the TME
The presence of lymphocytes in the TME is often ascribed 
to the recognition of tumor antigens presented on HLA 
and recognized by specific T- cells. A common hypothesized 
tumor escape mechanism is the downregulation of HLA class 
I (HLA- A/B/C). Downregulation by tumor cells of HLA class 
I prevents tumor recognition by cytotoxic T- cells and subse-
quent local expansion of T- cells, leading to less lymphocytes 
in the TME. Absence of HLA- A/B/C on the cell membrane 
can be caused by downregulation of HLA A/B/C itself or 
by downregulation of beta- 2- microglobulin.29 The reduced 
infiltration of both cytotoxic T- cells and helper T- cells at base-
line and 6 weeks on treatment in non- responding patients 
was the direct rationale for studying the HLA- A/B/C expres-
sion on tumor cells. Strikingly, no differences between 
tumor samples with HLA- A/B/C or without HLA- A/B/C 
expression were observed with respect to the number of 

Figure 3 Quantification of lymphocyte subsets in biopsies obtained at baseline (BL) and 6 weeks (6 wk) on- treatment with 
anti- PD- 1 and anti- PD- 1 combined with SBRT. (A) Paired samples before and after 6 wk of treatment with relative percentages 
of lymphocyte subsets. *Patients who clinically responded to therapy. (B–G) Quantification of lymphocyte subsets per mm2, 
log- transformed data, BL versus on- treatment (12 wk), with red dots indicating the fold change and red bars its 95% CI, and 
p values from Welch’s t- test on log- transformed densities (see ‘Materials and methods’ section). (B) Helper T- cells: aPD- 1 fold 
change: 1.94, 95% CI: 1.19 to 3.18, aPD- 1+SBRT fold change: 2.01, 95% CI: 1.24 to 3.25. (C) CD103+ helper T- cells: aPD- 1 
fold change: 1.74, 95% CI: 1.02 to 2.95, aPD- 1+SBRT fold change: 2.47, 95% CI: 1.33 to 4.60. (D) Regulatory T- cells: aPD- 1 
fold change: 1.65, 95% CI: 0.79 to 3.46, aPD- 1+SBRT fold change: 1.88, 95% CI: 1.11 to 3.19. (E) Cytotoxic T- cells: aPD- 1 
fold change: 2.03, 95% CI: 1.11 to 3.72, aPD- 1+SBRT fold change: 2.80, 95% CI: 1.79 to 4.38. (F) CD103+ cytotoxic T- cells: 
aPD- 1 fold change: 2.56, 95% CI: 1.03 to 6.36, aPD- 1+SBRT fold change: 4.87, 95% CI: 2.45 to 9.68. (G) B- cells: aPD- 1 fold 
change: 1.53, 95% CI: 0.49 to 4.77, aPD- 1+SBRT fold change: 1.95, 95% CI: 0.81 to 4.74. BOR, best overall response; PD- 1, 
programmed cell death 1; SBRT, stereotactic body radiation therapy.
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total lymphocytes, the number of cytotoxic T- cells or the 
numbers of any of the other lymphocyte subsets (figure 4). 
However, patients without tumor cell HLA- A/B/C expres-
sion at baseline were less likely to respond to therapy in both 
the anti- PD- 1 group (33% of non- responders and 25% of the 
responders at baseline lacked expression of HLA- A/B/C on 
tumor cells) and the anti- PD- 1+SBRT group (55% of non- 
responders and 33% of the responders at baseline lacked 
tumor cell expression of HLA- A/B/C) (figure 4). Six weeks 
on- treatment, the change in HLA- A/B/C expression was 
examined in the paired samples. No clear effect of anti- PD- 1 
or anti- PD- 1+SBRT treatment on the expression of HLA- -
A/B/C was observed in biopsies of patients with NSCLC 
(online supplemental figure 8).

DISCUSSION
Here, we used mIF to explore the TME of a unique 
cohort of patients with NSCLC treated with anti- PD- 1 
alone or anti- PD- 1+SBRT, in which both baseline and 6 
weeks on- treatment tissue was available, to investigate 
the additive effect of SBRT on the anticancer immune 
response to anti- PD- 1 treatment. We found that SBRT, 
added to anti- PD- 1, enhanced the infiltration of all T- cell 
subsets into the tumor with a nearly 5- times fold change 
for CD103+ cytotoxic T- cells. Anti- PD- 1 alone modestly 
enhanced total and CD103+ cytotoxic T- cell infiltration. 
We also established that overall lymphocyte infiltration 

at baseline, but not the presence of any specific lympho-
cyte subset, is associated with response to therapy in both 
treatment groups. No relation between the loss of HLA- 
ABC and the composition of the TME immune infiltrate 
at baseline was observed. Loss of HLA- ABC was more 
frequently observed in non- responding patients.

Our observation that combined SBRT and immuno-
therapy increased T- cell infiltration in tumors of patients 
with NSCLC might provide evidence for an immunolog-
ical substantiation for the previously described abscopal 
effect.8 Anti- PD- 1 monotherapy also increased T- cell infil-
tration, but this effect was more pronounced in the anti- 
PD- 1+SBRT group across all subsets.

In non- responding patients, the increase in TME- 
infiltrating lymphocytes after treatment was higher than 
in responding patients. Possibly, this bigger increase 
was due to a lower starting number of lymphocytes, and 
despite the increase, failing to reach a threshold for an 
effect. Whereas in responding patients a smaller increase 
in lymphocyte numbers could be sufficient to get an 
effect or the lymphocytes present at baseline are reinvig-
orated due to the PD- 1 treatment. The abscopal effect of 
radiotherapy has been attributed to the activation of the 
immune system by irradiation- induced breakdown prod-
ucts of tumor cells within the irradiated lesion.8 30 31 In 
a preclinical model of colorectal cancer, radiotherapy 
induced upregulation of the maturation markers CD80 

Figure 4 Quantification of HLA- A/B/C and lymphocyte subsets in biopsies obtained at baseline with anti- PD- 1 and anti- 
PD- 1 combined with SBRT. (A) Pseudo- DAB image of a tumor with no expression of (membranous) HLA- A/B/C and (B) with 
membranous expression of HLA- A/B/C. (C) Total lymphocyte counts in patients with and without membranous expression 
of HLA- A/B/C. (D) CD8+ lymphocytes in patients with and without membranous HLA- A/B/C. (E) Quantification of patients 
with and without expression of HLA- A/B/C per treatment group, divided into responders and non- responders. DAB, 
3,3′-diaminobenzidine; PD- 1, programmed cell death 1; SBRT, stereotactic body radiation therapy.

https://dx.doi.org/10.1136/jitc-2022-005248


8 van der Woude LL, et al. J Immunother Cancer 2022;10:e005248. doi:10.1136/jitc-2022-005248

Open access 

and CD86 on DCs, and an increase in CD8+ T- cells within 
the TME was observed.32 In a NSCLC xenograft mouse 
model, radiotherapy increased PD- L1 expression and 
CD8+ T- cell infiltration.13 Furthermore, there was a syner-
gistic effect of anti- PD- L1 therapy and radiotherapy: in 
mouse models, tumor regression and MDSC reduction 
were observed.13 33 An increase in cytotoxic T- cells in 
patients with NSCLC treated with radiotherapy alone has 
been observed as well,34 35 but to our knowledge, we are 
the first to establish this effect in a randomized patient 
cohort receiving anti- PD- 1 therapy with or without SBRT. 
These immunological data show how SBRT can be of 
added value as an important component in immuno-
therapy combination strategies. It would be interesting to 
functionally characterize the tumor T- cell compartment 
since it is known that the phenotype and function of 
T- cells can differ.36 37 This could elucidate the functional 
implications of the T- cell compartment changes that 
we observed. Unfortunately, this is practically very chal-
lenging in human clinical research.

As previously described, tumor samples can be cate-
gorized as hot, immune excluded or desert depending 
on the presence, location or absence of an immune cell 
infiltrate.38 39 However, in our cohort only the distinction 
hot or desert could be made since in the available biopsy 
material invasive margins cannot be reliably detected. 
Furthermore, the number as opposed to the location 
of immune cells was associated with the overall survival 
of patients with NSCLC and their response to immuno-
therapy.40 However, study results have been contradicting, 
and multiple candidate immune cells are suggested 
as the key player in facilitating a response to anti- PD- 1 
therapy41–43; αE- integrin CD103 has been used as a marker 
to identify tumor- infiltrating lymphocytes.44 Furthermore, 
CD103+CD8+ T- cells in the human lung have been shown 
to possess a greater cytotoxic potential than other CD8+ 
T- cells.26 45 In NSCLC, the relative amount of this subset 
in tumor samples correlated with disease- free survival 
in early stage disease.46 Furthermore, a high number 
of CD103- expressing cells in the tumor, on both gene 
expression and protein level, was associated with longer 
overall survival in patients with NSCLC treated with anti- 
PD- L1 immunotherapy (17.9 months in CD103+ high 
patients compared with 9.5 months in CD103+ low).47 In 
another study, CD103+CD8+ T- cell infiltration in NSCLC 
tumors strongly correlated with progression- free survival 
(PFS) after immunotherapy (30 months in CD103+CD8+ 
high patients and 2.3 months in CD103+CD8+ low 
patients). Specifically, PFS in patients with high numbers 
of CD103+CD8+ was 20 months longer than in patients 
with high numbers of CD8+ T- cells.48 Therefore, we char-
acterized this specific subset in our panel and confirmed 
that responding patients have more CD103+ CD8+ T- cells 
in their TME. However, the CD103+ CD8+ T- cell subset 
was increased in responding patients at baseline, and the 
other subsets. Further analyses of this observation with 
PCA indicated that a higher number of lymphocytes in 
general—and not a particular subset—was associated 

with response to therapy. It should be noted that the 
mIF employed in this study only allows for a limited set 
of markers; therefore, only broad subsets of T- cells could 
be identified. When searching for a biomarker to predict 
response to immunotherapy, it is likely that not a single 
marker but a set of markers is required.49 Total lympho-
cyte infiltration and tumor- intrinsic factors could rela-
tively easily be incorporated into such a multifactorial 
biomarker.

Radiotherapy can induce HLA- ABC expression on 
tumor cells.15 We did not observe an effect of anti- PD- 1 
alone or anti- PD- 1 with SBRT on HLA- ABC expression. 
Possible explanations for this are that the effect of SBRT 
on the expression of HLA- ABC only occurs in the irra-
diated lesion, that the effect is not substantiated due to 
the small number of paired samples or that the biopsy 
was taken too early in the process. Furthermore, radia-
tion dose, fractionation and interval might influence the 
immunological effect. Expression of HLA- ABC on tumor 
cells is vital for tumor antigen presentation and recog-
nition by cytotoxic T- cells, and thereby absence of HLA- 
ABC expression prevents tumor destruction.50 51 Indeed, 
at baseline, a slightly larger percentage of patients with 
absence of HLA- ABC among non- responding patients 
was observed, although the significance of this finding 
could not be established in this small sample size. No rela-
tionship between HLA- ABC expression and the number 
of tumor- infiltrating lymphocytes or any lymphocyte 
subset was observed. The mechanism of immune evasion 
by absence of membranous HLA- ABC, however, is not 
straightforward. In a cohort of patients with melanoma, 
no relation was found between absence of HLA- ABC and 
response to immunotherapy. Impaired HLA- ABC may 
play a more important role in acquiring resistance to ICI 
therapy.29 The Tracking Non- Small- Cell Lung Cancer 
Evolution through Therapy (TRACERx) study showed 
that impairment of HLA is often caused by loss of hetero-
zygosity and is a mutation that occurs late in tumor evolu-
tion, complicating the recognition of tumor subclones by 
T- cells.52 On the other hand, we observed the reoccur-
rence of HLA- ABC expression after 6 weeks on treatment 
in some patients. This could be due to IFN production 
by PD- L1- re- activated T cells. This clonal heterogeneity 
and the continued interplay between a tumor and the 
immune system might become a focus for future research 
into durable responses to immunotherapy.53

The treatment of advanced- stage NSCLC has evolved 
in the last decade from chemotherapy, with radiotherapy 
for symptom relief, to treatment with targeted therapy 
and immunotherapy. Because not all patients benefit 
from immunotherapy, strategies to overcome immuno-
therapy resistance are being investigated. A combination 
with radiotherapy is one promising strategy that is being 
explored. Despite the small size of this cohort, valuable 
information about the effect of treatment on the TME 
could be obtained. Our data demonstrate differences 
in total lymphocytic infiltrate between responding and 
non- responding patients at baseline. More importantly, 
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our study demonstrates an immunological abscopal 
effect of the SBRT and anti- PD- 1 therapy combination. 
The abscopal effect of radiotherapy alone is rare. It is 
believed that most of the time, tumors employ suppres-
sive mechanisms to counteract an increase of primed 
T- cells. We believe that combining radiotherapy with 
immunotherapy can overcome this suppressive effect of 
the tumor, allowing for an increase of T- cells at distant, 
non- irradiated tumor sites. Further clinical investigation 
is warranted to confirm this effect in an extended clinical 
trial for future implementation of this promising strategy.
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