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Background: Esophageal cancer (EC) has an aggressive cancer biology with relatively poor outcomes with
a 5-year survival rate of 15-25%. Radiation forms an integral part of the treatment paradigm with utility in
neoadjuvant, adjuvant and definitive settings to improve survival. Recent data has shown that depletion of
circulating lymphocyte populations is associated with suboptimal tumor control and inferior overall survival
outcomes.

Methods: This systematic review and pooled analysis of studies was done to better understand the impact
of radiation associated lymphopenia on overall survival and progression free survival in EC. The study was
done according to PRISMA guidelines, and the quality of studies were assessed by Newcastle Ottawa scale.
Results: The systematic search of PubMed, EMBASE and Cochrane library resulted in 2,969 abstracts.
Twenty studies were included in the systematic review and 5 studies were included in the meta-analysis.
Larger planning target volume (PTV) volume, use of photon beam instead of proton beam for treatment
and higher estimated dose to immune cells (EDIC) were consistently associated with higher rates of severe
lymphopenia. The analyses of dose to spleen on lymphopenia provided varied results with studies showing
both higher and lower risk of lymphopenia with higher splenic doses. Patients with severe lymphopenia were
at increased risk of death with a pooled hazard ratio (HR) =1.57 [95% confidence interval (CI): 1.35-1.83,
I’=0%, P<0.00001] compared to patients with no severe lymphopenia. Patients with severe lymphopenia
were at increased risk of progression with a pooled HR =1.42 (95% CI: 1.19-1.70, I’=0%, P<0.0001).
Conclusions: Severe lymphopenia with chemo-radiotherapy (CRT) is associated with worse overall
survival and increased risk of disease recurrence. Larger PTV, higher EDIC result in higher risk of severe

lymphopenia.
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Introduction

Esophageal cancer (EC) is the sixth leading cause for
cancer mortality worldwide (1). Most locally advanced ECs
are treated with chemo-radiotherapy (CRT) followed by
surgery (2). Despite advances in treatments the prognosis
of EC remains poor, with an approximate 5-year survival
rate of 15-25% for locally advanced EC (3). The inter-
individual difference in response and control rates to CRT
has been attributed to heterogeneity in tumor biology (4).
Studies have shown that circulating lymphocyte depletion
is a prognostic factor for inferior overall survival in various
solid malignancies. The lymphocytes found in the blood
stream are the cells that become resident lymphocytes
and hence safeguarding this lymphocyte pool or avenues
to increase the circulating lymphocytes pool are potential
ways to improve clinical outcomes in EC by increasing
immunogenic cell death. Multiple small studies have been
conducted in recent years that have tried to assess impact of
radiotherapy on lymphocyte counts and further the impact

Highlight box

Key findings

* Severe lymphopenia associated with chemoradiation in esophageal
cancer is associated with increased risk of disease recurrence and
inferior overall survival.

¢ The dose to circulating immune cell populations and dose to heart
is associated with higher odds of lymphocyte depletion.

What is known and what is new?

* The impact of treatment related lymphocyte depletion was
relatively unknown.

* Our systematic review provides further evolving evidence that
radiation related lymphocyte depletion is associated with increased
risk of disease progression.

® The location of the tumor in relation to heart, lung and spleen and
the estimated dose to the immune cells all are factors in causing
lymphocyte depletion during radiation delivery.

What is the implication, and what should change now?

* Interventions to maintain lymphocyte count during radiotherapy
by improving dosimetry or cytokines that increase the lymphocyte
count, adoptive T cell transfer may improve esophageal cancer

outcomes.
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of severe lymphopenia on survival outcomes in EC (5).
Esophagus being a serial organ, radiotherapy in different
parts of esophagus is expected to result in grossly different
doses to heart, lung, spleen, and spine which in turn will
have an impact on total dose to immune cells (6). This in
turn is expected to cause different rates of lymphopenia
based on extent and location of esophageal disease. To better
understand the impact of radiation associated lymphopenia
in EC, we undertook this systematic review and pooled
analysis of clinical studies that have reported radiation
related lymphopenia in EC. We present this article in
accordance with the PRISMA reporting checklist (available
at https://aoe.amegroups.com/article/view/10.21037/aoe-
22-15/rc).

Methods
Data search

The main three databases PubMed, Cochrane Central,
and EMBASE databases were searched with key MeSH
terms—radiation; cancer; lymphopenia, Esophagus, and
survival. The search methodology with search terms is
provided in the Appendix 1. The search duration was
from the start of each database till September 6, 2020.
We did not use language filter and BPV and RU did the
search independently with any conflicts were resolved by
mutual discussion. There was no attempt made to reach
the authors of the articles for any unpublished data and no
automation tools were employed to assist in the systematic
review process. The systematic review was performed in
accordance with the PRISMA guidelines, and the quality of
studies was assessed by Newcastle Ottawa scale.

Eligibility criteria for articles

Any secondary analysis of randomized clinical trials,
prospective cohort studies, retrospective cohort studies with
radiation used with definitive intent with details on cancer
specific outcomes should have been reported. Studies with
preclinical data, patients undergoing chemotherapy alone,
surgery alone, immunotherapy alone were excluded.
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L Identification of studies via databases and registers }

Records identified from:
Databases (n=2,969)

® PubMed =254;

* EMBASE =2,518;

e Cochrane central =197
* Registers (n=0)

Identification

Records removed before screening:
e Duplicate records removed (n=393)
* Records marked as ineligible by

!

Records screened
(n=2,576)

automation tools (n=0)
* Records removed for other reasons
(n=0)

Records excluded

Y

Reports sought for retrieval
(n=252)

Y

(n=2,324)

Reports not retrieved

Screening

Y

Reports assessed for eligibility
(n=252)

Y

(n=0)

Reports excluded: 232

¢ No radiation =52

e Lymphoma =33

* Non-Gastrointestinal =67

Y

Studies included in review
(n=20)

Reports of included studies
(n=20)

Included

e Pre-clinical =9

® Reviews =29

* Non-esophageal cancer articles
with lymphopenia =42

Figure 1 PRISMA flow diagram depicting the search strategy in the systematic review literature search.

Article review

The search was done in accordance with the PRISMA
guidelines and the PRISMA flow diagram has been shown
in the Figure 1. The articles from the database search
were screened and based on the inclusion criteria listed
above. The articles found to be relevant to the topic of
interest were shortlisted. The full-length paper of the
shortlisted articles was assessed for the eligibility criteria.
Two reviewers independently extracted the data in a data
extraction form.

Statistical analysis

The hazard ratios (HRs), odds ratio (OR), mean difference
were presented with forest plots showing the overall
survival and progression free survival outcomes between
severe lymphopenia and no severe lymphopenia. The
variables were reported with 95% confidence interval (CI)
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and P value <0.05 were considered statistically significant.
The Forest plot for HR and mean difference was plotted by
Generic inverse variance method; OR by Mantel-Haenszel
method. The random-effects model was used for analysis.
Study heterogeneity was assessed using the inconsistency
Stevel Linindex (I’-statistic) with values of 0-30%, 31—
60%, 61-75% and 76-100% indicating low, moderate,
substantial, and considerable heterogeneity, respectively.
Review Manager Version 5.3 (The Nordic Cochrane
Centre, Copenhagen, Denmark) was used for the analysis.

Results
Search results

The systematic search of literature resulted in 2,969
articles of which 252 articles underwent complete review.
Twenty studies were included in the final systematic review
and 5 studies were included in the meta-analysis. Table 1
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summarizes the details of studies reporting on radiation
related lymphopenia outcomes in EC.

The Newcastle Ottawa scale assessment was used to
assess the quality of the studies included in the systematic
review and described in Appendix 2.

Systematic review of included studies

Impact of tumor location on incidence of lymphopenia

Tumor location in the lower third of the esophagus versus
mid/upper esophagus was positively associated with grade
4 lymphopenia in a study by Davuluri er al. (P=0.23) (12).
In a study by Fang er al., radiotherapy was associated with
lymphocyte reduction in patients with tumors in the lower
esophagus (P=0.005), but not for those with tumors in the
upper or middle esophagus (P=0.32) (13). Similarly, in a
study by van Rossum et a/., lower third EC patients treated
with radiotherapy had a significantly higher incidence
of grade 4 lymphopenia (39%) compared with patients
of upper/mid third Esophagus (29%; P=0.029) (7). In
a study by Zhou et al., patients with lower ECs treated
with radiotherapy had a higher OR of developing grade 4
lymphopenia (OR: 2.430; 95% CI: 1.043-5.663; P=0.040)

on multi-variate analysis (11).

Impact of proton therapy on incidence of lymphopenia

Proton beam therapy (PBT) was associated with lesser risk
of developing grade 4 lymphopenia on multi-variate analysis
compared to intensity modulated radiotherapy (IMRT)
(P=0.006) in a study by Davuluri et /. (12). Similarly, in
a study by Fang er al., treatment with IMRT compared
with PBT (OR: 2.13; 95% CI: 1.19-3.81; P=0.01) was
associated with increased risk of grade 4 lymphopenia (13).
Grade 4 lymphopenia was significantly higher in patients
who received photon-based treatment versus those who
received proton-based treatment (56% vs. 22%; P=0.01) in
another study by Routman et 2. On multi-variate analysis,
photon-based treatment (OR: 5.13; 95% CI: 2.35-11.18;
P=0.001) was associated with severe lymphopenia (14). In
a propensity matched analysis of 272 patients IMRT wvs.
PBT) by Shiraishi ez al., a greater proportion of the IMRT
patients (40.4%) developed grade 4 lymphopenia during
neo-adjuvant chemo-radiation compared with the PBT
patients (17.6%, P=0.0001) (15). In a large retrospective
analysis of 860 patients by van Rossum ez #/. higher
percentage of patients receiving IMRT treatment (46%)
were associated with grade 4 lymphopenia than patients

© Annals of Esophagus. All rights reserved.
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treated by PBT (22%; P=0.001) (7). The authors went on to
create a predictive nomogram for incidence of lymphopenia
with radiation modality as one of the factors. As a pointer
towards reason of PBT being consistently associated with
lower risk of severe lymphopenia, Hirano et a/. performed
a dosimetric comparison of PBT versus photon beam
treatment in ECs and found that PBT enabled a significant
reduction in the dose to the lung and heart. This, in turn is
expected to reduce dose to circulating immune cells (16).

Impact of dosimetric parameters and incidence of
lymphopenia

Impact of target volumes on lymphbopenia

Fang er al. performed a propensity matched analysis
between IMRT and PBT on 448 patients of EC treated by
chemo-radiation. The authors found that larger planning
target volume (PTV) volume was associated with a higher
risk of grade 4 lymphopenia (P=0.001) on multi-variate
analysis (13). Shiraishi et /. reported a 33% incidence of
grade 4 lymphopenia amongst 480 patients of EC. Similar
to the previous study, larger PTV volume was associated
with a higher risk of grade 4 lymphopenia (P=0.009) on
multi-variate analysis (15). In a study of 860 patients
by van Rossum er al., PTV volume was found to be an
independent predictor of grade 4 lymphopenia. The
authors went on to create a nomogram for prediction of
incidence of lymphopenia with PTV volume as one of
the factors (7). Routman et a/. reported a 40% incidence
of grade 4 lymphopenia amongst 144 patients treated
with CRT. Interestingly CTV volume was not associated
with increased risk of severe lymphopenia in this study
(OR: 1.12; P=0.15) (14).

Impact of integral dose and estimated dose to immune cells
(EDIC) on incidence of lymphbopenia

Davuluri ez al. performed a retrospective analysis of 504 EC
patients treated with CRT. Most patients had disease (89%)
primarily located in lower esophagus and 27% patients
developed grade 4 as per CT'CAE v4 grading. In the study
the incidence of grade 4 lymphopenia was significantly
lower in patients who received a mean body dose (MBD)
<10 Gy than in those with an MBD 10 Gy (16.8% us.
33.7%, P=0.001) (12). Interestingly, in a study by Xu et /.
patients with EDIC >4.0 Gy developed more grade 4
lymphopenia than those with EDIC <4.0 Gy (67.3% uvs.
40.8%; P=0.001) (17). EDIC was significantly correlated
with lymphocyte nadir (Spearman coefficient Z 0.505;
P=0.01) in another similar study by So ez a/. (18).
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Impact of doses to spleen on lymphopenia: the splenic
conundrum

Chin ez al. performed a retrospective analysis of 60 patients
of lower EC treated with neo-adjuvant or definitive chemo-
radiation. Eighteen patients (30%) patients developed
grade 3 or higher leukopenia. No patient developed grade 3
or higher neutropenia and anemia. The authors found that a
higher absolute spleen V5-V30 was associated with a greater
decrease in spleen volume (P<0.05 each). Interestingly,
the authors also found that patients who did not develop
grade 3 or higher hematological toxicity had greater
percentage decrease in spleen volume at first follow-up
(P=0.009) and higher V5-V30 of spleen (P<0.05 each) (19).
Contradictory to the above finding, a retrospective study
by Saito et 4l. on 61 patients showed that spleen V5, V10,
V20 and V30 significantly affected lymphocyte nadir and
an increase of 1 Gy in mean splenic dose predicted a 2.9%
decrease in absolute lymphocyte count (ALC) at nadir (20).
Impact of beart dose on incidence of lymphopenia

In a study by Wang et 4l., high heart V10 (P=0.003) and
V20 (P=0.028) were associated with low ALC nadir on
multivariate analysis (8). In another study by So er 4/,
mean dose to the heart was highly significant in predicting
lymphocyte nadir (Spearman coefficients =-0.502;
P=0.01) (18). In a study by Zhang et al., patients with
heart V15 >73% were at higher odds of developing severe
lymphopenia on multi-variate analysis (OR: 2.39; 95% CI:
1.05-5.46; P=0.05) (10).

Impact of lung dose on incidence of lymphbopenia

In a study by So ez 4., mean dose to the lung was significant
in predicting lymphocyte nadir (Spearman coefficient
=-0.34; P=0.01) (18). Similarly, Wang et /. found that high
lung V5 (r=—0.26; P=0.001) and lung V10 (r=-0.24; P=0.001)
strongly correlated with lower ALC nadir (P=0.01) (8).
Impact of doses to bone on incidence of lymphopenia

Chin ez 4/. did not find any association of rib or thoracic
spine dose on hematological toxicity (19). Contradictory
to the above finding, in another study by Newman et al.
multivariable linear regression correlated lymphopenia nadir
with vertebral V20, V30 and V40 Gy (P=0.05 each) (21).

Pooled analysis of outcomes of radiation related
lymphopenia

Five studies reported on the mortality outcomes in
patients with severe lymphopenia. The patients with severe
lymphopenia were at increased risk of death with a pooled
HR =1.57 (95% CI: 1.35-1.83, I’'=0%, P<0.00001) compared
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to patients with no severe lymphopenia. Two studies
reported on risk of progression with severe lymphopenia.
The patients with severe lymphopenia were at increased risk
of progression with a pooled HR =1.42 (95% CI: 1.19-1.70,
I’=0%, P<0.0001). Figure 24,2B shows the Forest plots for
overall survival and progression free survival.

Discussion

Our systematic review provides further evolving evidence
that radiation related lymphocyte depletion in EC is
associated with inferior overall survival and increased risk of
disease progression. The location of the esophageal tumor
defines the incidental dose to the heart and other additive
factors such as the lung dose, dose to the spleen and the
estimated dose to the immune cells all are defining factors
in causing lymphocyte depletion during radiation delivery.
Currently, CRT (neo-adjuvant or definitive) has become
the standard of care treatment for EC. Research into anti-
tumor immunity and tumor micro-environment has seen
resurgence in recent years with introduction of checkpoint
point inhibitors like pembrolizumab and nivolumab (22).
EC cells are considered to be highly immunogenic and
have been found to induce anti-tumor immunity. Increase
in the number of CD8" tumour infiltrating lymphocytes
(TIL) has been found associated with prolonged survival in
EC patients, a better pathologic response to neoadjuvant
chemotherapy, and a lower rate of lymph node metastasis (6).
Increased CD4" TILs were also associated with significant
local regression of EC. The circulating lymphocytes are
the cells that eventually become TILs (23). With this
context, it becomes imperative to understand the effect of
radiotherapy both on the immune cell pool in the human
body and on the tumour micro-environment. To answer
the first question, we undertook this systematic review
and meta-analysis. A larger PTV volume, use of photon
beam instead of proton beam in treatment and higher
EDIC were consistently associated with higher rates of
severe lymphopenia. The dose to circulating immune cells
primarily depends on mean heart dose, lung dose, liver dose
and integral dose. A larger PTV as well as photon beams
result in higher integral dose and presumably also to higher
organs at risk viz. heart, lung, bone marrow and bone doses.
In addition, we found multiple studies where in higher heart
and lung doses correlated with higher incidence of severe
lymphopenia (10,18,19). The analyses of dose to spleen
on lymphopenia have provided varied results with studies
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Figure 2 Pooled analysis of the overall survival and progression free survival from the systematic review of studies showing that severe

lymphopenia is associated with inferior overall survival and increased risk of progression of the tumor. (A) Forest plot of pooled hazard ratios

of overall survival between patients with severe lymphopenia and no severe lymphopenia; (B) Forest plot of hazard ratio of progression free

survival between patients with severe lymphopenia and no severe lymphopenia. SE, standard error; IV, inverse variance; CI, confidence

interval.

showing both higher and lower risk of lymphopenia with
higher splenic doses. Spleen is an organ wherein slowing of
circulating blood cells happens. Higher doses to spleen are
therefore expected to cause higher rates of lymphopenia.
But radiotherapy per se may lead to splenic shrinking which
in turn may lead to lesser volume of blood cells in the
spleen at any given time point (17,24). This dual effect of
radiotherapy, i.e., direct killing of lymphocytes within the
spleen and induction of fibrosis of spleen probably explains
the variation in findings between the studies. Finally, we
performed a pooled analysis to find the impact of grade 4
lymphopenia on survival. The results were in line with the
expectation that grade 4 lymphopenia was found to have a
higher hazard of death as well as progressive disease.

Our study does come with a few limitations. All the
included studies are retrospective, and this brings in various
forms of bias. No study performed evaluation of tumour
micro-environment to check for TILs and dendritic cells
and therefore various correlations have been derived
from unselected population. But the present study to our
knowledge is the first meta-analysis performed to pool all
available data on this topic. This may be considered the
strength of the study.

© Annals of Esophagus. All rights reserved.

Conclusions

Severe lymphopenia with CRT is associated with worse
overall and progression free survival. Larger PTV,
higher EDIC, heart and lung doses result in higher risk
of severe lymphopenia. The relation of lymphopenia
with splenic doses seems more complicated and merits
further evaluation. Interventions to maintain lymphocyte
count during radiotherapy by improving dosimetry or
interventions like adoptive T cell transfer may improve EC
outcomes.
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Supplementary

Appendix 1
The strategy used for search of PubMed, EMBASE and Cochrane Library

PUBMED database

1. Query —radiation OR radiotherapy OR treatment

Result:

11,867,474

"radiate"[All Fields] OR "radiated"[All Fields] OR "radiates"[All Fields] OR "radiating"[All Fields] OR "radiation"[MeSH
Terms] OR "radiation"[All Fields] OR "electromagnetic radiation"[MeSH Terms] OR ("electromagnetic"[All Fields]
AND "radiation"[All Fields]) OR "electromagnetic radiation"[All Fields] OR "radiations"[All Fields] OR "radiation s"[All
Fields] OR "radiator"[All Fields] OR "radiators"[All Fields] OR ("radiotherapy"[MeSH Terms] OR "radiotherapy"[All
Fields] OR "radiotherapies"[All Fields] OR "radiotherapy"[MeSH Subheading] OR "radiotherapy s"[All Fields]) OR
("therapeutics”[MeSH Terms] OR "therapeutics"[All Fields] OR "treatments"[All Fields] OR "therapy"[MeSH Subheading]
OR "therapy"[All Fields] OR "treatment"[All Fields] OR "treatment s"[All Fields])

Translations

radiation: "radiate"[All Fields] OR "radiated"[All Fields] OR "radiates"[All Fields] OR "radiating"[All Fields]
OR "radiation"[MeSH Terms] OR "radiation"[All Fields] OR "electromagnetic radiation"[MeSH Terms] OR
("electromagnetic”[All Fields] AND "radiation"[All Fields]) OR "electromagnetic radiation"[All Fields] OR "radiations"[All
Fields] OR "radiation's"[All Fields] OR "radiator"[All Fields] OR "radiators"[All Fields]

radiotherapy: "radiotherapy”"[MeSH Terms] OR "radiotherapy"[All Fields] OR "radiotherapies"[All Fields] OR
"radiotherapy”[Subheading] OR "radiotherapy's"[All Fields]

treatment: "therapeutics"[MeSH Terms] OR "therapeutics"[All Fields] OR "treatments"[All Fields] OR
"therapy"[Subheading] OR "therapy"[All Fields] OR "treatment"[All Fields] OR "treatment's"[All Fields]

2. Query-tumor OR tumour OR cancer OR neoplasms

Result:

4,702,635

"cysts"[MeSH Terms] OR "cysts"[All Fields] OR "cyst"[All Fields] OR "neurofibroma"[MeSH Terms] OR
"neurofibroma"[All Fields] OR "neurofibromas"[All Fields] OR "tumor s"[All Fields] OR "tumoral"[All Fields] OR
"tumorous"[All Fields] OR "tumour"[All Fields] OR "neoplasms"[MeSH Terms] OR "neoplasms"[All Fields] OR "tumor"[All
Fields] OR "tumour s"[All Fields] OR "tumoural"[All Fields] OR "tumourous"[All Fields] OR "tumours"[All Fields] OR
"tumors"[All Fields] OR "cysts"[MeSH Terms] OR "cysts"[All Fields] OR "cyst"[All Fields] OR "neurofibroma"[MeSH
Terms] OR "neurofibroma"[All Fields] OR "neurofibromas"[All Fields] OR "tumor s"[All Fields] OR "tumoral"[All
Fields] OR "tumorous"[All Fields] OR "tumour"[All Fields] OR "neoplasms"[MeSH Terms] OR "neoplasms"[All
Fields] OR "tumor"[All Fields] OR "tumour s"[All Fields] OR "tumoural"[All Fields] OR "tumourous"[All Fields] OR
"tumours"[All Fields] OR "tumors"[All Fields] OR "cancer s"[All Fields] OR "cancerated"[All Fields] OR "canceration"[All
Fields] OR "cancerization"[All Fields] OR "cancerized"[All Fields] OR "cancerous"[All Fields] OR "neoplasms"[MeSH
Terms] OR "neoplasms"[All Fields] OR "cancer"[All Fields] OR "cancers"[All Fields] OR "neoplasm s"[All Fields] OR
"neoplasms"[MeSH Terms] OR "neoplasms"[All Fields] OR "neoplasm"[All Fields]

Translations

tumor: "cysts"[MeSH Terms] OR "cysts"[All Fields] OR "cyst"[All Fields] OR "neurofibroma"[MeSH Terms] OR
"neurofibroma"[All Fields] OR "neurofibromas"[All Fields] OR "tumor's"[All Fields] OR "tumoral"[All Fields] OR
"tumorous"[All Fields] OR "tumour"[All Fields] OR "neoplasms"[MeSH Terms] OR "neoplasms"[All Fields] OR "tumor"[All
Fields] OR "tumour's"[All Fields] OR "tumoural"[All Fields] OR "tumourous"[All Fields] OR "tumours"[All Fields] OR
"tumors"[All Fields]

tumour: "cysts"[MeSH Terms] OR "cysts"[All Fields] OR "cyst"[All Fields] OR "neurofibroma"[MeSH Terms] OR
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"neurofibroma"[All Fields] OR "neurofibromas"[All Fields] OR "tumor's"[All Fields] OR "tumoral"[All Fields] OR
"tumorous"[All Fields] OR "tumour"[All Fields] OR "neoplasms"[MeSH Terms] OR "neoplasms"[All Fields] OR "tumor"[All
Fields] OR "tumour's"[All Fields] OR "tumoural"[All Fields] OR "tumourous"[All Fields] OR "tumours"[All Fields] OR
"tumors"[All Fields]

cancer: "cancer's"[All Fields] OR "cancerated"[All Fields] OR "canceration"[All Fields] OR "cancerization"[All Fields]
OR "cancerized"[All Fields] OR "cancerous"[All Fields] OR "neoplasms"[MeSH Terms] OR "neoplasms"[All Fields] OR
"cancer"[All Fields] OR "cancers"[All Fields]

neoplasms: "neoplasm's"[All Fields] OR "neoplasms"[MeSH Terms] OR "neoplasms”[All Fields] OR "neoplasm"[All Fields]

3. Query lympbocytopenia OR lymphopenia

Result:

11,841

"lymphopenia”[MeSH Terms] OR "lymphopenia"[All Fields] OR "lymphocytopenia"[All Fields] OR "lymphocytopenias”[All
Fields] OR "lymphopenia"[MeSH Terms] OR "lymphopenia"[All Fields] OR "lymphopenias"[All Fields]

Translations

lymphocytopenia: "lymphopenia"[MeSH Terms] OR "lymphopenia"[All Fields] OR "lymphocytopenia"[All Fields] OR
"lymphocytopenias"[All Fields]

lymphopenia: "lymphopenia”[MeSH Terms] OR "lymphopenia”[All Fields] OR "lymphopenias"[All Fields]

4. Query — esophagus OR liver OR bepatocellular OR cholangiocarcinoma OR gall bladder OR stomach OR gastric OR
pancreas or vectum OR anal canal

Results 1,861,079

"oesophagus"[All Fields] OR "esophagus"[MeSH Terms] OR "esophagus"[All Fields] OR ("liver"[MeSH Terms]
OR "liver"[All Fields] OR "livers"[All Fields] OR "liver s"[All Fields]) OR "hepatocellular"[All Fields] OR
("cholangiocarcinoma"[MeSH Terms] OR "cholangiocarcinoma"[All Fields] OR "cholangiocarcinomas"[All Fields]) OR
("gallbladder"[MeSH Terms] OR "gallbladder"[All Fields] OR ("gall"[All Fields] AND "bladder"[All Fields]) OR "gall
bladder"[All Fields]) OR ("stomach"[MeSH Terms] OR "stomach"[All Fields] OR "stomachs"[All Fields] OR "stomach s"[All
Fields] OR "stomachal"[All Fields] OR "stomaches"[All Fields]) OR ("gastrics"[All Fields] OR "stomach"[MeSH Terms] OR
"stomach"[All Fields] OR "gastric"[All Fields]) OR ("pancrea"[All Fields] OR "pancreas"[MeSH Terms] OR "pancreas"[All
Fields]) OR ("rectum"[MeSH Terms] OR "rectum"[All Fields] OR "rectums"[All Fields]) OR ("anal canal"[MeSH Terms]
OR ("anal"[All Fields] AND "canal"[All Fields]) OR "anal canal"[All Fields])

Translations

esophagus: "oesophagus"[All Fields] OR "esophagus"[MeSH Terms] OR "esophagus”[All Fields]

liver: "liver"[MeSH Terms] OR "liver"[All Fields] OR "livers"[All Fields] OR "liver's"[All Fields]

cholangiocarcinoma: "cholangiocarcinoma"[MeSH Terms] OR "cholangiocarcinoma"[All Fields] OR
"cholangiocarcinomas"[All Fields]

gall bladder: "gallbladder"[MeSH Terms] OR "gallbladder"[All Fields] OR ("gall"[All Fields] AND "bladder"[All Fields])
OR "gall bladder"[All Fields]

stomach: "stomach"[MeSH Terms] OR "stomach"[All Fields] OR "stomachs"[All Fields] OR "stomach's"[All Fields] OR
"stomachal"[All Fields] OR "stomaches"[All Fields]

gastric: "gastrics"[All Fields] OR "stomach"[MeSH Terms] OR "stomach"[All Fields] OR "gastric"[All Fields]

pancreas: "pancrea”[All Fields] OR "pancreas”[MeSH Terms] OR "pancreas"[All Fields]

rectum: "rectum"[MeSH Terms] OR "rectum"[All Fields] OR "rectums"[All Fields]

anal canal: "anal canal"[MeSH Terms] OR ("anal"[All Fields] AND "canal"[All Fields]) OR "anal canal"[All Fields]

#1 AND #2 AND #3 AND #4=254 articles

Results:254
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EMBASE database

#  Searches Results

1 (Radiation or radiotherapy or treatment).mp. [mp=title, abstract, heading word, drug trade name, original title, device 8129974
manufacturer, drug manufacturer, device trade name, keyword, floating subheading]

2 (cancer or tumour or tumor or neoplasm).mp. [mp=title, abstract, heading word, drug trade name, original title, device 5301497
manufacturer, drug manufacturer, device trade name, keyword, floating subheading]

3  (Lymphopenia or lymphocytopenia).mp. [mp=title, abstract, heading word, drug trade name, original title, device 27039
manufacturer, drug manufacturer, device trade name, keyword, floating subheading]

4 (esophagus OR liver OR hepatocellular OR cholangiocarcinoma OR gall bladder OR stomach OR gastric OR pancreas or 2943722
rectum OR anal canal).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword, floating subheading word, candidate term word]

5 1and2and3and4 2518

Cochrane central

Date Run: 07/09/2020 14:04:54

ID Search Hits

#1 radiation OR radiotherapy OR treatment 771183

#2 tumor OR tumour OR cancer OR neoplasms 207089

#3 lymphocytopenia OR lymphopenia 1310

#4 esophagus OR liver OR hepatocellular OR cholangiocarcinoma OR gall bladder OR stomach OR gastric OR
pancreas or rectum OR anal canal 109009

#5 #1 AND #2 AND #3 AND #4 197

Appendix 2

The Newcastle Ottawa scale assessment of the quality of the studies included in the meta-analysis

Study Selection (4) Comparability (1) Outcome (3) Total score
van Rossum et al. 2020 +++ + +++ 7/8
Wang et al. 2020 ++ + +++ 6/8
Song et al. 2019 ++ + +++ 6/8
Zhang et al. 2019 ++ + ++ 5/8
Zhou et al. 2019 +++ + +++ 7/8
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