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Background: Granulocyte-macrophage colony-stimulating factor (GM-CSF) has been demonstrated to 
improve the anti-cancer effects in combination with radiotherapy. However, the tolerability and safety of 
adding GM-CSF to radiotherapy in thoracic cancer patients need to be further explored.
Methods: Between June 2020 and Sep 2020, seven patients with thoracic cancer were treated with 
concurrent radiotherapy and GM-CSF (200 μg subcutaneously injected q.o.d during the radiotherapy). The 
primary endpoint was adverse event.
Results: Of seven enrolled patients, four were non-small cell lung cancer, two were small cell lung cancer, 
and the other one patient was thymic carcinoma. The total dose of GM-CSF that each patient received was 
at least 3000 μg. All patients had finished the radiotherapy and GM-CSF injection and suffered one or more 
any grade adverse events. Only one patient had a grade ≥3 hematological adverse event (lymphocytopenia). 
Grade ≥3 non-hematological toxicities were not observed during the combination treatment. The highest 
cell counts of white blood cell, neutrophile granulocyte, and monocyte across the treatment were 22.38×109/L, 
18.65×109/L, and 1.28×109/L respectively. 
Conclusions: The combination therapy of radiotherapy and GM-CSF (200 μg subcutaneously q.o.d) is 
tolerable and safe. Further studies are warranted to confirm the effects and optimal total GM-CSF injection 
doses in the combination of radiotherapy in thoracic cancer patients.
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Introduction

In the treatment of early-stage cancer, radiotherapy is 
a highly efficacious strategy. For patients with stage I 
non-small cell lung cancer (NSCLC), stereotactic body 
radiotherapy (SBRT) has shown comparable survival 
outcomes versus surgery (1). However, there is another 
voice demonstrating that the overall survival (OS) and 
disease-free survival (DFS) for patients with stage I NSCLC 
in the surgery group were slightly superior to those in the 
SBRT group (2). Therefore, radiotherapy alone might not 
be enough for patients with thoracic cancer, especially for 
those with advanced disease.

In order to decrease the incidences of distant metastasis 
and prolong progression-free survival (PFS), systemic 
chemotherapy is administrated. Immune checkpoint 
inhibitors (ICIs) have revolutionized the treatment of 
cancer patients during the recent ten years. PD-1 inhibitors, 
pembrolizumab and nivolumab, have been recommended 
to NSCLC. Moreover, PD-L1 inhibitors, atezolizumab and 
durvalumab, are preferred for small cell lung cancer (SCLC). 
Additionally, anti-PD-1/PD-L1 therapy is also a promising 
treatment option for patients with thymic carcinoma (3,4).

Currently, numerous clinical studies are conducted 
to explore the combination strategy of radiotherapy and 
immunotherapy. Clinicians and researchers considered that 
adding ICIs to radiotherapy and/or chemotherapy might 
be a more efficacious strategy to increase the chance of 
surgery for locoregionally advanced thoracic cancer patients 
(5,6). Combined with radiotherapy, immunotherapy could 
provide a better immunological efficacy called abscopal 
effect, in which CD4 and CD8 positive T cells exert 
critical roles (7,8). Granulocyte-macrophage colony-
stimulating factor (GM-CSF), the key factor, is a cytokine 
that promotes maturation of dendritic cells for antigen 
presentation and generates T- and B-lymphocyte anti-
cancer response. Previous studies indicated that GM-CSF 
with radiotherapy product abscopal effect in metastatic 
cancer (9). On the other hand, combining ipilimumab with 
GM-CSF significantly improves the survival of metastatic 
melanoma (10).

In published studies, the common application of GM-
CSF was 125 μg/m2 or 250 μg subcutaneously injected 
for consecutive 14 days and no severe adverse event was 
reported (9,10). However, in a meeting report (11), Liu 
found that eight of 24 enrolled patients suffered high fever 
in the combination therapy of radiotherapy and GM-CSF 
(125 μg/m2 from d8 to d22). In the real world, when patients 

experience high fever, whether the injection of GM-CSF is 
continuously executed remains contradictory. 

Therefore, in this study, we intend to exhibit a novel 
and tolerable GM-CSF therapeutic regimen in patients 
with thoracic cancer. We present the following article in 
accordance with the AME Case Series reporting checklist 
(available at http://dx.doi.org/10.21037/apm-20-2248).

Methods

Patients 

A total of seven patients who were pathologically 
diagnosed with thoracic cancer at Union Hospital, Tongji 
Medical College, Huazhong University of Science and 
Technology between June 2020 and September 2020 were 
retrospectively enrolled in the present study. Four patients 
were histologically diagnosed with NSCLC, two were 
SCLC, and the other one was thymic carcinoma. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study design was 
approved by the Ethics Committee of the Union Hospital, 
Tongji Medical College, Huazhong University of Science 
and Technology (No. [2020]IEC-J071). All patients had 
written informed consent to participate in this study. 

Study design and treatment strategy

The Eastern Cooperative Oncology Group (ECOG) 
performance status of eligible patients should be 0 or 1 
and life expectancy was expected more than three months. 
Patients received single radiotherapy (times ≥25, lung 
V20<30%) and were administered 200 μg GM-CSF (Te 
er li, Xiamen Amoytop Biotech) subcutaneous injection 
q.o.d from the initiation of radiotherapy, followed by every 
Monday, Wednesday, and Friday GM-CSF injection till the 
end of radiotherapy (Figure 1). GM-CSF was discontinued 
for documented white blood cell count greater than  
30×109/L and for any significant toxicity to be caused by 
GM-CSF, like fever over 39.0 degrees C or 102.3 degrees F).  
Patients who received concomitant radiotherapy with 
chemotherapy or targeting therapy were excluded.

Outcomes 

The primary endpoint was adverse event. Safety was 
assessed by an evaluation of the incidence of hematological 
(anemia, leukocytosis, lymphopenia, thrombocytopenia, 
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leucopenia, neutropenia, increased cTnI, increased 
creatinine, increased alanine aminotransferase/aspartate 
aminotransferase levels, etc.) and non-hematological 
(hypertension, esophagitis, fatigue, nausea, vomiting, 
myalgia, cough, etc.) toxicities, which were graded 
according to the Common Terminology Criteria for adverse 
events (CTCAE, version 5.0). Since CD4 and CD8 positive 
T cells might indirectly reflect the treatment responses, 
these two cohorts of lymphocytes were tested before and at 
the end of the radiotherapy. Computed tomography (CT) 
was used to evaluate the toxicities or tumor response if 
patients experience fever.

Statistical analysis 

Comparisons for CD4+ T cells and CD8+ T cells between 
post-treatment and baseline were calculated by GraphPad 
Prism 6 software by paired two-tailed Student’s t-test. A P 
value <0.05 was considered statistically significant.

Results

Characteristics and tolerability

From Jun 2020 to Sep 2020, of seven thoracic cancer 
patients treated with combination therapy of radiotherapy 
and GM-CSF, six were men and one was a woman. All 
patients had an ECOG performance status of 0. The 
median age was 68 years old (range, 58–79). Three types of 
cancer were enrolled, including NSCLC (n=4), SCLC (n=2), 
and thymic carcinoma (n=1). The total GM-CSF dose of 
each patient was over 3,000 μg. Among the seven patients, 
two had proposed to discontinue the injection of GM-CSF 
because they were not sure about the benefits of GM-CSF. 
However, they finished the combination therapy finally. 
Table 1 displays the basic characteristics of these patients.

Hematological toxicities

Only one patient with grade 3 lymphopenia was detected. 
The most frequently reported hematological toxicities of 
any grade were lymphopenia (n=6) and thrombocytopenia 
(n=3). Leucopenia (grade 2, n=1), neutropenia (grade 
2, n=1), increased cTnI (grade 1, n=1), and increased 
creatinine (grade 1, n=1) were observed. We did not find 
anemia, leukocytosis (grade ≥3), or increased alanine 
aminotransferase/aspartate aminotransferase levels. 
Figure 2A showed that the median counts of white 
blood cell, neutrophile granulocyte, and monocyte were 
12.51×109/L (range, 12.17–22.38×109/L), 11.20×109/L 

Base line

Week  0                  1                2                 3                 4                5

Record
Hematological and non-hematological toxicities

GM-CSF
200 ug sc qod

Endpoint

Radiotherapy

Figure 1 Timeline events of enrolled thoracic cancer patients.

Table 1 Characteristics of the included patients in the study

Characteristic No. (%)

Duration Jun 2020–Sep 2020

ECOG performance status

0 7 [100]

1 0 (0)

Age, median (range), y 68 [58–79]

Sex 6 (85.7)

Men 1 (14.3)

Women

Cancer types

Non-small cell lung cancer 4 (57.1)

Small cell lung cancer 2 (28.6)

Thymic carcinoma 1 (14.3)

Total GM-CSF ≥3,000 μg 7 [100]

Proposed discontinuing 2 (28.6)

ECOG, Eastern Cooperative Oncology Group; GM-CSF, 
granulocyte-macrophage colony-stimulating factor.
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(range, 10.10–18.65×109/L), and 0.72×109/L (range, 
0.53–1.28×109/L) respectively. At week 1, five of the seven 
patients reached their highest levels of monotherapy. Three 
patients achieved the highest levels of white blood cell at 
week 2. Three patients each reached the highest levels of 
neutrophile granulocyte at week 2 and 4 (Figure 2B). 

Non-hematological toxicities

No grade 3 or more non-hematological toxicities were 
showed during the combination therapy. The most 
frequently reported grade 1-2 non-hematological toxicities 
were hypertension (n=5) and esophagitis (n=3), followed by 
fatigue (n=2), nausea/vomiting (n=2), myalgia (n=2), and 
cough (n=2). One patient had experienced grade 1 fever. 
Anaphylaxis, injection site reaction, arthralgia, mucositis, 

and autoimmune disorder were not recorded.

Percentage of T lymphocytes

Compared to the baseline values, the percentage of CD4 
(P=0.166) and CD8 (P=0.842) T cells showed no significant 
difference after the combination therapy of radiotherapy 
and GM-CSF (Figure 3).

Discussion

In this study, we showed that radiotherapy plus GM-
CSF 200 μg subcutaneously q.o.d is well tolerable with a 
safety profile. Lymphopenia and hypertension are the most 
common hematological and non-hematological adverse 
events respectively.
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Figure 2 The variation characteristics of white blood cell, neutrophile granulocyte, and monocyte. (A) Highest values of white blood cell, 
neutrophile granulocyte, and monocyte during the treatment; (B) the percentages of patients achieving the highest values of white blood 
cell, neutrophile granulocyte, and monocyte at each week.
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Figure 3 Radiotherapy plus GM-CSF had no significant effect on the percentages of CD4 and CD8 T cells. GM-CSF, granulocyte-
macrophage colony-stimulating factor.
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Key elements in the immune response activated by 
radiotherapy include immunostimulatory cytokines, 
dendritic cells maturation, and T lymphocyte recruitment 
and stimulation (12). CD8 T cells have a critical role in 
mediating anti-tumor effects. The infiltration of CD8 T 
cells in the tumor microenvironment is associated with 
a better prognosis in multiple types of cancer (13,14). 
Furthermore, CD4 T cells also play a central role in 
tumor control and correlate with good clinical prognosis. 
Although GM-CSF is an important factor for dendritic cell 
development under anti-tumor conditions, the application 
of GM-CSF failed to against the lymphopenia caused 
by radiotherapy in our study (Table 2). Fortunately, no 
statistical differences were observed after the combination 
therapy in terms of the percentage of CD4 and CD8 
positive T cells.

Since the lymphocyte count decreased, the efficacy 
of adding immunotherapy to radiotherapy remains 
controversial. In Golden’s study, abscopal effects were 
observed when patients received localized radiotherapy and 
GM-CSF. But the enrolled patients were given systemic 
chemotherapy as well (9). Therefore, it might be an 
unprecise conclusion that single radiotherapy plus GM-CSF 
produced abscopal responses. A recent phase 2 clinical trial 
conducted by McBride showed no improvement in response 
and no evidence of abscopal effects with the combination 
of anti-PD-1 therapy and stereotactic body radiotherapy 
versus anti-PD-1 therapy alone in advanced head and neck 
squamous cell carcinoma (15). In another randomized 
clinical trial, researchers found that anti-CTLA-4 therapy 
plus GM-CSF significantly improved survival in metastatic 
melanoma patients compared to anti-CTLA-4 therapy (10). 

Therefore, we suspect whether the triple combination 
therapy of radiotherapy, ICI inhibitors, and GM-CSF could 
have higher clinical effects. In the case study reported by 
Zhao et al., a patient with refractory metastatic esophageal 
squamous cell carcinoma received stereotactic body 
radiotherapy plus anti-PD-1 therapy (sintilimab) and 
GM-CSF. Although abscopal effects were observed, the 
patient died of severe pneumonia (16). In this case report, 
GM-CSF 200 μg daily was subcutaneously injected for  
14 days. However, the authors did not exhibit the incidence 
of leukocytosis and the cell counts of white blood cell, 
neutrophile granulocyte, and monocyte. 

GM-CSF is commonly used to prevent hospitalization 
for febrile neutropenia during systemic chemotherapy or 
local radiotherapy (17,18). Additionally, fever is one of the 
frequent adverse events after GM-CSF injection that we 
mainly focus on, because it might be associated with the 
high level of white blood cell and autoimmune disorders. 
We are eager to know the highest number of white blood 
cell, neutrophile granulocyte, and monocyte during the 
GM-CSF treatment. In our study, the highest cell counts 
were 22.38×109/L for white blood cell, 18.65×109/L for 
neutrophile granulocyte, and 1.28×109/L for monocyte, 
with good tolerability (Figure 2A). Considering the 
high incidence of fever in the combination therapy of 
radiotherapy and GM-CSF (11), we suggest that the 
reasonability of consecutive 14 days injection of GM-CSF is 
needed to be challenged.

Only one patient in our study occurred fever. The details 
of white blood cell, neutrophile granulocyte, and monocyte 
are shown in Figure 4. After a week of combination therapy, 
the monocyte reached the highest value. Then the white 

Table 2 Hematological toxicities during the combination therapy of 
radiotherapy and GM-CSF

Hematological  
toxicities

No. patients

Grade 1 Grade 2 Grade ≥3 Any grade

Lymphopenia 1 4 1 6

Thrombocytopenia 1 2 0 3

Leucopenia 0 1 0 1

Neutropenia 0 1 0 1

cTnI increased 1 0 0 1

Cr increased 1 0 0 1

Anemia 0 0 0 0

Leukocytosis – – 0 0

ALT/AST increased 0 0 0 0

cTnI ,  cardiac t roponin I ;  Cr,  creat in ine;  ALT,  a lanine 
aminotransferase; AST, aspartate aminotransferase.
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Figure 4 Cell counts curves of white blood cell, neutrophile 
granulocyte, and monocyte in the non-small cell lung cancer 
patient.
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blood cell and neutrophile granulocyte reached the highest 
value at week 2. Nonetheless, the transient grade 1 fever 
(38.2 ℃) happened at the end of radiotherapy. Thus, we did 
not deem the fever was directly associated with radiotherapy 
or GM-CSF. The chest CT scan did not find pneumonia 
either (Figure 5). 

There were several limitations in this study. First, this 
was a retrospective single-arm study, thus selection bias of 
patients should be existed. Second, considering that the 
addition of single GM-CSF treatment to radiotherapy 
might not strongly elevated the efficacy of radiotherapy and 
did not show significant improvement on the percentage 
of CD4 and CD8 positive T cells, anti-PD-1/PD-L1 
therapy is recommended to the future clinical studies. 
Third, the assessment of treatment responses was absent 

in this study owing to the different therapeutic purposes 
of radiotherapy. However, based on our study, GM-CSF  
200 μg subcutaneously q.o.d could be an alternative 
treatment strategy to ensure the tolerability and continuity 
of GM-CSF therapy. 

In summary, radiotherapy combined with GM-CSF  
200 μg subcutaneously q.o.d is tolerable and feasible. Future 
clinical studies are warranted to explore the benefits and 
safety profiles of adding ICIs to the combination therapy of 
radiotherapy and GM-CSF.
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