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Abstract
Background: Leukopenia and cytokine release syndrome (CRS) are two major toxicities of CAR-T cell
therapy. GM-CSF is an ideal candidate treatment for leukopenia except for its potential aggravation of
CRS. We hypothesized that the optimal timing of supplemental with GM-CSF in a shortage of host
immunity and CAR T-cell was chosen as avoidance of CRS. In the study we evaluated the safety and
e�cacy of GM-CSF intervention post-CAR T-cell therapy while circulating CAR T-cell declined.

Methods: Nine patients received GM-CSF therapy who displayed moderate leukopenia with white blood
cell counts (WBC) <3000 cells/mm3 and absolute neutrophil counts (ANC) <1500 cells/mm3 with
concomitant declination of circulating CAR T-cell after CAR T-cell therapy.

Results: The median duration of GM-CSF intervention was 15 days (4-30). CAR T-cell expansion was
observed in eight patients (8/9), including cerebrospinal �uid of one patient and peripheral blood (PB) of
other seven patients. And the peaks of CAR T-cell levels in cerebrospinal �uid and PB appeared in day 6
and day 7 (2-11) following the initiation of GM-CSF administration. Also, increased white blood cells in
PB was observed in all patients. The median onset and duration time of WBC recovery were 9 (1-14) and
17(3-53) days. Moreover, the increment of WBC, neutrophil, lymphocyte and CD3-CD16+CD56+ natural
killer cell in PB was observed. In addition, no CRS or fatal infection occurred during GM-CSF treatment.

Conclusion: This study provides evidence for the clinical feasibility of combining CAR T-cell therapy with
the GM-CSF to treat leukopenia patients with concomitant declination of circulating CAR T-cell.

Introduction
Chimeric antigen receptor T-cell (CAR T) therapy has been shown to be a promising remedy in varieties of
hematological cancers [1–4]. However, the e�cacy of CAR T-cell therapy is limited by lack of persistence
of CAR T cells and side effects associated with CAR T-cell infusion, including leukopenia, infection and
cytokine release syndrome (CRS). Therefore, the overall management of CAR T-cell persistence,
leukopenia recovery, as well as CRS intervention is urgently needed to enhance the long-term remission,
prevent the life-threatening infection, as well as to alleviate the CRS and neurotoxicity associated with
CAR T-cell therapy [5].

Granulocyte-macrophage colony-stimulating factor (GM-CSF) is an important hematopoietic growth
factor and immune modulator[6]. Although GM-CSF is produced locally, it can act in a paracrine fashion
to recruit circulating neutrophils, monocytes and lymphocytes to enhance their functions in host defense
[6]. GM-CSF has been widely used in clinics for the treatment of severe leukopenia for patients receiving
chemotherapy. In the previous clinical trial, we have demonstrated administration of GM-CSF is an
effective strategy not only in immune modulation, but also in reduction of fungal infections due to
neutropenia following pre-hematopoietic stem cell transplantation (HSCT) conditioning [7]. However, to
our knowledge, no clinical study has been reported in the bene�cial effects of GM-CSF administration in
patients undergone CAR T-cell treatment while circulating CAR T-cell declined.
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Here we explored GM-CSF as a therapeutic intervention aimed at alleviating leukopenia, promoting
cellular immunity recovery, as well as enhancing CAR T-cell expansion in patients. In this cohort, nine
patients undergone different CAR T-cell therapies have been treated with GM-CSF, to assess the safety
and e�cacy of GM-CSF intervention post-CAR T-cell therapy.

Methods

Patient characteristics and study design
This retrospective study was designed to examine the safety and e�cacy of GM-CSF in treatment of
leukopenia post-CAR T-cell therapy at Shanghai Zhaxin Traditional Chinese and Western Medicine
Hospital. The protocol for CAR T-cell therapies has been approved by the Hospital ethics committee. Nine
patients undergone CAR T-cell treatments, who suffered from leukopenia with concomitant declination of
circulating CAR T-cell were enrolled. The patients have received various CAR T-cell therapies targeting
CD7, CD19, CD20 and CD22 cell surface receptors. The CAR T-cell manufacture and detection were
performed as previously reported [2, 3]. The criteria for assessment of therapeutic effects for acute
lymphoblastic leukemia and lymphoma were de�ned in accordance with NCCN guidelines version 4.2021
(Acute Lymphoblastic Leukemia) and Lugano 2014. After CAR T-cell infusion, clinical outcomes including
overall survival (OS) and relapse were evaluated up to date as of May 12 2022. The severities of cytokine
releasing syndrome (CRS) and immune effector cell-associated neurotoxicity syndrome (ICANS) were
also assessed by NCCN guidelines version 4.2021 (Management of CAR T-cell-Related Toxicities).

Gm-csf Treatment
Patients undergone CAR T-cell therapy have been treated with GM-CSF when they developed leukopenia
with concomitant declination of circulating CAR T-cell. GM-CSF was subcutaneous administrated. The
indication for initiation of GM-CSF therapy was patients who display moderate leukopenia with white
blood cell counts (WBC) < 3000 cells/mm3 and absolute neutrophil counts (ANC) < 1500 cells/mm3. The
indication for termination of GM-CSF therapy, was either when their WBC and ANC levels had reached to
5000–10000 cells/mm3 and 3000–5000 cells/mm3, respectively. All patients started GM-CSF at 100ug
daily. After 3 days, the dose of GM-CSF in two patients was escalated to 200ug daily because no
increment in WBC and neutrophils was observed. The primary objective of this study was to assess the
safety of GM-CSF administration and the secondary objective was to evaluate the e�cacy of GM-CSF
intervention post-CAR T-cell therapy in alleviating leukopenia and enhancing the persistence of CAR T-cell.

Statistical analysis
Statistical analysis was performed with SPSS software and Data Analysis version 23.0. Difference of
continuous variables between different weeks was analyzed by paired two-tailed Student's t test
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(cytokines and cell count). The Kaplan-Meier approach was performed to estimate overall survival. Data
is considered to be statistically signi�cant when P < 0.05.

Results

CAR T-cell expansion post-GM-CSF administration
Nine patients were enrolled in cohort from May 2021 and November 2021 to receive GM-CSF therapy at
Shanghai Zhaxin Traditional Chinese and Western Medicine Hospital whose clinical characteristics are
shown in Table 1. The median duration of GM-CSF intervention was 15 days (4–30). The median interval
between start of GM-CSF and CAR T-cell infusion was 20 days (8-126).

We serially evaluated CAR T-cell expansion in patients with GM-CSF. Seven out of nine patients (77.8%)
experienced CAR T-cell expansion in peripheral blood (PB) during GM-CSF usage (Fig. 1A). The median
baseline and peak CAR T cells count in PB of the seven patients with CAR T-cell expansion were
0.85×106/L (0-50.9) and 6.06×106/L (1.43-112.55). The peaks of CAR T-cell levels appeared in day 7(2–
11) following the initiation of GM-CSF administration. In addition, although no increased CAR T-cell count
in PB was observed in patients #8 and #9, the percentage of CAR T-cell in cerebrospinal �uid of patient
#8 increased from 4.43–35.78% at day 6 and dropped to 1.38% at day 10 meanwhile GM-CSF was
administrated (Fig. 1B).

The Increment Of White Blood Cells After Initial Gm-csf
Administration
We found increased white blood cells in PB of all patients with GM-CSF. The median time to achieve a
WBC level above 3000 cells/mm3 was 9 (1–14) days following the initiation of GM-CSF administration.
Then there was only one patient (#2) whose WBC count never dropped below 3000 cells/mm3 again. In
the other eight patients(88.89%), the median duration of WBC recovery was 17(3–53) days and then WBC
count dropped below 3000 cells/mm3.

White blood cell count in PB of all patients gradually increased every week after GM-CSF administration.
White blood cell count in PB prior to GM-CSF administration was 2.194×109/L improved to 3.839×109/L
at the second week (P = 0.032, paired t-test), to 4.398×109/L at the third week (P = 0.024, paired t-test) and
to 4.965×109/L at the fourth week (P = 0.025, paired t-test). Also, the increment of neutrophil, lymphocyte
and CD3-CD16 + CD56 + natural killer cell was observed in PB. The mean of neutrophil count in PB every
week before and after GM-CSF initiated were 1.066×109/L, 2.134×109/L, 2.239×109/L, 2.564×109/L and
2.488×109/L. There was statistically signi�cant difference in neutrophil count between baseline and the
third week (P = 0.037, paired t-test). Moreover, lymphocyte in PB was signi�cantly increased at the third (P 
= 0.025, paired t-test) and fourth (P = 0.024, paired t-test) weeks compared to at the �rst week after GM-
CSF administration. In addition, paired t-test statistical analysis revealed a signi�cant increase in CD3-



Page 6/13

CD16 + CD56 + natural killer cell count between the �rst and third weeks (56.09×106/L vs 83.41×106/L, P 
= 0.006, paired t-test). However, there were no signi�cant difference observed in monocyte and CD3 + cell
count at the baseline and 4-week follow-up (Fig. 2).

The Administration Of Gm-csf Alleviated In�ammation
Indicators In Patients
In�ammatory markers, such as cytokines, C-reactive protein (CRP) and ferritin, were monitored in this
study. However, no signi�cant increment of in�ammatory markers was observed. On the contrary, the
statistically signi�cant decreases in the mean of cytokines (IL-17F, IL-1β, IL-4, TNF-α and TNF-β) and C-
reactive protein (CRP) were seen at the 4-week follow-up (P > 0.05) (Figs. 3 and 4). Furthermore, we also
found the serum GM-CSF level in PB of patient 7 which remained within the normal range at the 2-week
follow-up (7.7, 11 and 11.8, normal range 0-39pg/ml).

Clinical Description Of Patients
A total of nine patients with ALL and NHL in the cohort, median age 39 (20–59) years old, were treated at
Shanghai Zhaxin Traditional Chinese and Western Medicine Hospital. The detailed characteristics of all
patients are shown in Table 1. Four patients had ALL and NHL in �rst to three relapse, �ve patients had
primary refractory disease. One patient (#4) had relapsed after prior allogeneic hematopoietic stem cell
transplant (allo-HSCT). Three patients (#3, 7 and 8) had undergone autologous HSCT (auto-HSCT). Three
patients (#3, 7 and 9) had previously been treated with CAR T-cell. The previous times of treatments were
435 (136–1613) days. Autologous CAR T-cell were infused in 8 patients without prior allo-HSCT, while
donor-derived CAR T-cell were infused in 1 post-allo-HSCT patient (#4). The median dose for CAR T-cell
infusion was 1.2 (0.63–2.79) ×106 cells per kilogram of body weight.

At a median observation time of 238 (70–346) days, two patients (#1 and #9) were bridged to allo-HSCT
and patient No.5 was bridged to auto-HSCT. Two patients (#1 and #4) died of infection at day 184 and
155. Cancer-related death occurred in patient No. 3 at day 70 following CAR T-cell infusion. The clinical
outcomes including overall survival (OS) and adverse effects were evaluated up to date of May 12 2022.
The OS at 180 days following CAR T-cell infusion was 66.67% (Fig. 5). Overall response rate (ORR) was
6/9 (66.67%).

Adverse Reactions During Gm-csf Administration
There were 4 patients who experienced fever while GM-CSF was administrated, of which two were GM-
CSF related side effects, one was pneumonia and one was urinary tract infection.
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From the �rst day of GM-CSF administration, patient #4 and #6 developed GM-CSF related fever without
elevated cytokines and infection. Patient #4 experienced intermittent fever with highest temperatures up
to 38.3℃ during GM-CSF treatment and patient #6 have a high temperature up to 38.4℃ during the �rst
two days of the onset of GM-CSF administration. The patients’ body temperature was later dropped to
normal range after physical cooling or loxoprofen sodium treatment. No cytokine release syndrome (CRS)
or organ dysfunction or Immune Effector Cell-associated Neurotoxicity Syndrome (ICAN) was observed.

Infection occurred in two patients (2/9, 22.22%). One patient in this cohort (#2) had baseline leukopenia
for 36 days and developed pneumonia for 6 days prior to GM-CSF administration (Table 1). The severity
of the pneumonia in patient No. 2 was deteriorated from day 18 post-GM-CSF administration and the
signs and symptoms of infection were alleviated two months later. In addition, another patient (#5)
experienced mild urinary tract infection from day 5 post-GM-CSF administration.

Discussion
It has been reported that there is 78% of patients developing Grade 3 or higher leukopenia in the ZUMA-1
trial [8]. It is recommended in NCCN guidelines that empiric broad-spectrum antibiotics, consider
granulocyte colony-stimulating factor (G-CSF) if neutropenic after CAR T therapy. Granulocyte colony-
stimulating factor (G-CSF) and granulocyte-macrophage colony-stimulating factor (GM-CSF) are both
hematopoietic CSFs, the administration of them can reduce the duration and severity of leukopenia for
patients. G-CSF is a relatively speci�c stimulator of the growth and differentiation of hematopoietic
progenitor cells committed to the neutrophil lineage. However, the activity of GM-CSF in stimulating
production and activation is not restricted to neutrophils because it also affects monocytes and
eosinophils [7]. Also, the application of GM-CSF is an immune adjuvant for its ability to increase dendritic
cell (DC) maturation and function as well as macrophage activity. Although T cells do not possess a
functional receptor for GM-CSF and thus do not rely on GM-CSF for proliferation and anti-tumor activity
[9], one study in mice did show effect of GM-CSF on the anti-tumor properties of mouse CAR T-cell [10]. In
another study, cancer cells transduced with an adenoviral vector carrying GM-CSF have induced strong
antitumor immunity against tumor cells and prevented tumor regrowth in animal models [11]. Therefore,
we try to use GM-CSF to treat leukopenia in order to gain better anti-tumor effect of CAR T-cell and better
host immunity against infection. In this study, CAR T-cell expansion was observed in eight patients (8/9),
including cerebrospinal �uid of one patient and PB of other seven patients. The peaks of CAR T-cell levels
in PB appeared in day 7 (2–11) following the initiation of GM-CSF administration. And all patients
experienced WBC recovery with GM-CSF. The median onset and duration time of WBC recovery were 9 (1–
14) and 17(3–53) days following the initiation of GM-CSF administration. The OS at 180 days was
66.67% and ORR was 6/9 (66.67%) in patients with relapsed and refractory disease.

GM-CSF is also known to increase the proliferation and activation of macrophages and blood monocytes,
increasing their pro-in�ammatory properties during infection [12]. However, we �nd no signi�cant
difference observed in monocyte and CD3 + cell count at the baseline and 4-week follow-up. Our results
showed white blood cell count in PB of nine patients gradually increased every week after GM-CSF
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administration. Also, the increment of neutrophil, lymphocyte and CD3-CD16 + CD56 + natural killer cell in
PB was observed. The recovery of these cellular immunity improved anti-infective effects. Therefore,
patient #5 whose infection occurred during GM-CSF using experienced mild symptoms and healed
quickly. And patient #2 with baseline leukopenia 36 days before pneumonia diagnosis survived the life-
threatening infection with administration of GM-CSF and augmented anti-infective therapy.

Of all the cytokines analyzed in the ZUMA-2 study, only peak levels of granzyme B and GM-CSF were
associated with severe CRS and ICANS [13]. Then the major question that remains to be answered is how
to avoid CRS during GM-CSF therapy. Sentman et al. reported speci�c CAR T-cell effector mechanisms
and the host immune system are required for this cytokine release-like syndrome in murine models.
Cytokine release syndrome required two key effector molecules in CAR T-cell: perforin and GM-CSF [10].
Moreover, Singh et al. demonstrated that GM-CSF is an exponential increase which secreted by monocyte-
lineage cells upon CAR T-cell engagement of target tumor cells in vitro and in xenograft models [14].
Therefore, the optimal timing of supplemental with GM-CSF in a shortage of host immunity and CAR T-
cell was chosen as avoidance of CRS. And in this study we veri�ed that GM-CSF implemented at the right
time will be required to boost the expansion of CAR T-cell without inducing CRS.

Upon tumor engagement, CAR T-cell secrete pro-in�ammatory cytokines such as GM-CSF and IL-8, which
promote the release of the major CRS biomarker IL-6 as well as IL-8, cytokines that were previously shown
to be monocyte-dependent [14]. CRS biomarker release did not depend on physical contact between CAR
T-cell and monocytes, suggesting that it may be possible to avoid CRS by lacking of su�ciently soluble
factors involved in macrophage activation [9]. In this study, no signi�cant increment of in�ammatory
markers was observed during GM-CSF administration. Moreover, the statistically signi�cant decreases in
the mean of cytokines (IL-17F, IL-1β, IL-4, TNF-α and TNF-β) and C-reactive protein (CRP) were seen during
GM-CSF using. Data indicate that although GM-CSF levels are low in normal healthy individuals,
activated lymphocytes produce elevated GM-CSF levels under pathologic conditions [15]. But our results
demonstrated increased lymphocytes with the serum GM-CSF level in PB within the normal range during
GM-CSF administration. Thus, no CRS or ICAN in this study was observed because su�ciently soluble
factors were unavailable.

Treatment with CAR T-cell resulted in an increased ability of local macrophages to kill tumor cells, which
enhanced the anti-tumor effects of CAR T-cell therapy at the tumor site [16]. GM-CSF increases
macrophages’ responsiveness to CSF-1 (macrophage CSF) further enhancing the proliferation of resident
macrophages in tissues [15]. Other study reported GM-CSF activates resident microglial cells within the
CNS, promotes blood–brain barrier (BBB) breakdown, and enables in�ammation by other immune cells
[17]. Also, Sterner et al. reported that GM-CSF neutralization after CART19 reduced neuro-in�ammation by
75% compared to CART19 plus isotype controls using human ALL blasts and human CART19 in this
patient-derived xenograft mice model [5]. However, it is not clear that this result can apply to human.
Actually, in our study CAR T expansion in the cerebrospinal �uid, not in peripheral blood, was observed
without CRS during GM-CSF therapy (patient #8). This result may be interfered with the baseline 10Gy
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Whole-brain irradiation (WBI) 11 days prior to GM-CSF therapy and a second CAR T-cell infusion 2 days
before GM-CSF administration. Therefore, further research is needed to con�rm this �nding.

Conclusion
Overall, we explored the timing of GM-CSF administration to play a role in CAR T-cell expansion and
cellular immunity recovery without inducing CRS which facilitates to increase durable complete
responses and decrease infection rates after CAR T therapy. On the basis of these results, this approach
may improve the overall safety and e�cacy of CAR T therapies for cancer patients and may eliminate the
need for robust anti-infection treatment. Therefore, this study provides evidence for the clinical feasibility
of combining CAR T-cell therapy with the GM-CSF to treat leukopenia patients with concomitant
declination of circulating CAR T-cell.
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Figures

Figure 1

CAR T-cell expansion after CAR T-cell infusion with GM-CSF. (A), CAR T-cell count in peripheral blood of
each patient. The black bars indicate duration of GM-CSF using. (B), CAR T-cell count in cerebrospinal
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�uid of patient No. 8.  

Figure 2

Various cells count in peripheral blood after initial GM-CSF administration. White blood cell (WBC),
neutrophil, monocyte, lymphocyte, CD3+ cell and CD3-CD16+CD56+ natural killer cell in peripheral blood
of 9 patients. Asterisks indicates p<0.05.

Figure 3

Cytokine pro�les after initial GM-CSF administration. Serum cytokine pro�les (IL-10, IL-12p70, IL-17A, IFN-
γ, IL-17F, IL-1β, IL-2, IL-22, IL-4, IL-5, IL-6, IL-8, TNF-α and TNF-β) in peripheral blood of 9 patients. Different
color represents each individual. Asterisks indicates p<0.05.
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Figure 4

Serum C-reactive protein (CRP) and ferritin after initial GM-CSF administration. Different color represents
each individual. Asterisks indicates p<0.05.

Figure 5

Overall survival rate after CAR T-cell infusion with GM-CSF. Overall survival rates in 9 patients were
88.89% at 90 days and 66.67% at 180 days after CAR T-cell infusion.
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