Research Original Investigation

Effect of Recombinant Human Granulocyte Colony–Stimulating Factor for Patients With COVID-19 and Lymphopenia

coronavirus-infected pneumonia in Wuhan, China.
JAMA. 2020. doi:10.1001/jama.2020.1585
8. Tan L, Wang Q, Zhang D, et al. Lymphopenia
predicts disease severity of COVID-19: a descriptive
and predictive study. Signal Transduct Target Ther.
2020;5(1):33. doi:10.1038/s41392-020-0148-4
9. Zhao H, Guo M, Sun X, et al. Effects of
recombinant human granulocyte
colony-stimulating factor on central and peripheral
T lymphocyte reconstitution after sublethal
irradiation in mice. J Radiat Res. 2013;54(1):83-91.
doi:10.1093/jrr/rrs082
10. Ang CC, Tay YK. Hematological abnormalities
and the use of granulocyte-colony-stimulating
factor in patients with Stevens-Johnson syndrome
and toxic epidermal necrolysis. Int J Dermatol. 2011;
50(12):1570-1578. doi:10.1111/j.1365-4632.2011.
05007.x
11. Koizumi T, Kubo K, Koyama S, et al. Neutrophils
pretreated with granulocyte colony-stimulating
factor (G-CSF) are not related to the severity of
endotoxin-induced lung injury. Exp Lung Res. 1997;
23(5):393-404. doi:10.3109/01902149709039234
12. Li JG, Zhang YJ, Wu W, et al Effect of
recombinant human granulocyte
colony-stimulating factor on leukopenia in severe
acute respiratory syndrome patients. Yi Shi Jin Xiu
Za Zhi. 2004; 27:21-22. doi:10.3760/cma.j.issn.
1673-4904.2004.23.008

13. Kimura S, Matsuda J, Ikematsu S, et al. Efficacy
of recombinant human granulocyte
colony-stimulating factor on neutropenia in
patients with AIDS. AIDS. 1990;4(12):1251-1255.
doi:10.1097/00002030-199012000-00011
14. Zhao SS, Fang S, Zhu CY, Wang LL, Gao CJ.
Effect of G-CSF in vitro stimulation on distribution
of peripheral lymphocyte subsets in the healthy
persons [article in Chinese]. Zhongguo Shi Yan Xue
Ye Xue Za Zhi. 2018;26(1):258-262.
15. Melve GK, Ersvaer E, Eide GE, Kristoffersen EK,
Bruserud Ø. Peripheral blood stem cell mobilization
in healthy donors by granulocyte
colony-stimulating factor causes preferential
mobilization of lymphocyte subsets. Front Immunol.
2018;9:845. doi:10.3389/fimmu.2018.00845
16. San Miguel JF, Hernández MD, Gonzalez M,
et al. A randomized study comparing the effect of
GM-CSF and G-CSF on immune reconstitution after
autologous bone marrow transplantation. Br J
Haematol. 1996;94(1):140-147. doi:10.1046/j.13652141.1996.d01-1756.x
17. Rondelli D, Raspadori D, Anasetti C, et al.
Alloantigen presenting capacity, T cell alloreactivity
and NK function of G-CSF-mobilized peripheral
blood cells. Bone Marrow Transplant. 1998;22(7):
631-637. doi:10.1038/sj.bmt.1701413

2020. https://www.who.int/blueprint/prioritydiseases/key-action/novel-coronavirus/en/
19. International Severe Acute Respiratory and
Emerging Infections Consortium. ISARIC home
page. Accessed September 1, 2020. https://isaric.
tghn.org/
20. Fine JP, Gray RJ. A proportional hazards model
for the subdistribution of a competing risk. J Am
Stat Assoc. 1999;94:496-509. doi:10.1080/
01621459.1999.10474144
21. Newcombe RG. Interval estimation for the
difference between independent proportions:
comparison of eleven methods. Stat Med. 1998;17
(8):873-890. doi:10.1002/(SICI)1097-0258
(19980430)17:8<873::AID-SIM779>3.0.CO;2-I
22. Hodges JL Jr, Lehmann EL. Estimates of
location based on rank tests. Ann Math Stat. 1963;
34:598-611. doi:10.1214/aoms/1177704172
23. Piccirillo N, Laurenti L, Chiusolo P, et al.
Reliability of leukostasis grading score to identify
patients with high-risk hyperleukocytosis. Am J
Hematol. 2009;84(6):381-382. doi:10.1002/ajh.21418
24. Xu Z, Shi L, Wang Y, et al. Pathological findings
of COVID-19 associated with acute respiratory
distress syndrome. Lancet Respir Med. 2020;8(4):
420-422. doi:10.1016/S2213-2600(20)30076-X

18. World Health Organization. Coronavirus
disease (COVID-2019). Accessed September 1,

Invited Commentary

Immune Stimulation With Recombinant Human Granulocyte
Colony–Stimulating Factor for Coronavirus Disease 2019 (COVID-19)—
Beware of Blind Spots
Nuala J. Meyer, MD, MS; Robert B. Lindell, MD; E. John Wherry, PhD

78

The sobering mortality of coronavirus disease 2019 (COVID19), the pandemic triggered by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and the few proven treatments have stimulated a
global effort to rapidly disRelated article page 71
cover and disseminate novel
therapies. A noteworthy feature of the disease is the marked degree of lymphopenia in
many hospitalized patients with COVID-19 and the association of lymphopenia with adverse outcomes.1
Lymphopenia during infection, and particularly during
sepsis, is not unique to COVID-19, nor even to viral illness.
In studies of hospitalized patients with positive blood cultures, most had lymphopenia, and persistent lymphopenia
was associated with mortality. 2 However, during many
acute viral respiratory infections, lymphopenia is transient
and coincident with peak symptoms but then rapidly
resolves as the patient improves.3 The severity, and in some
c ases persistence, of lymphopenia in patients w ith
COVID-19 is different.3 As patients with sepsis have concomitant inflammation and features of immune exhaustion,
an attractive strategy might augment specific immune
responses, particularly if it could be predicted which
patients would be most likely to benefit.

In this issue of JAMA Internal Medicine, Cheng et al4 report an open-label randomized trial of recombinant human
granulocyte colony-stimulating factor (rhG-CSF) compared
with usual care in 200 hospitalized adults with COVID-19,
pneumonia, and lymphopenia (absolute lymphocyte count, ≤
800/μL [to convert to ×109/μL, multiply by 0.001]).4 Patients
with preexisting conditions, baseline leukocytosis, and those
requiring invasive mechanical ventilation at the time of screening were excluded. The patients in the treatment arm received 3 daily doses of subcutaneous rhG-CSF, 5 μg/kg. Usual
care included oxygen, assisted ventilation if needed, and antibiotics or adjuvant therapies (corticosteroids, lopinavirritonavir, arbidol, or inhaled α-interferon) at the discretion of
the treating physician.
The primary outcome was the time to clinical improvement of at least 1 point on a 7-point ordinal scale of clinical
and respiratory severity ranging from not hospitalized with
normal activities to death.4 The treatment groups were reasonably well balanced at enrollment, with a slightly more
participants in the usual care arm receiving high-flow oxygen and adjuvant therapies before randomization. There
was no difference in the primary outcome by treatment
group. Treatment with rhG-CSF increased lymphocyte and
leukocyte cell counts by day 5. Participants randomized to
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receive rhG-CSF were less likely to progress to invasive ventilation or shock and exhibited lower 21-day mortality. Both
of these secondar y end points were statistic ally
significant.
Cheng et al4 tested for heterogeneity of rhG-CSF treatment effect by patient factors, including degree of lymphopenia, degree of baseline oxygen support, age, and sex. They detected significant interaction between the effect of rhG-CSF
and the degree of lymphopenia, stratifying at a lymphocyte
cell count of 400 or less per μL, with the participants with more
severe lymphopenia exhibiting greater improvement. In contrast, for the roughly 50% of the study population with a lymphocyte cell count more than 400 per μL, no effect of rhGCSF was observed. Similarly, Cheng et al4 report a significant
interaction between the level of oxygen support and the rhGCSF effect. Participants requiring high-flow oxygen or noninvasive ventilation at enrollment demonstrated a significant improvement in the primary outcome. In contrast, those requiring
low-flow oxygen or no supplemental oxygen did not manifest a benefit.
Although the subgroup analyses suggesting a heterogeneous effect of rhG-CSF on COVID-19 recovery are provocative, caution should be exercised in interpreting these data, as
the findings could be biased. For example, the stratification
threshold for lymphopenia (≤400/μL) is not validated. These
and other stratified results should be viewed as hypothesisgenerating; they require prospective testing before they should
influence clinical care. Also, it is not clear whether the administration of adjuvant therapies without a proven benefit for patients with COVID-19 affected the trial results. The more frequent use of these agents in the usual care arm suggests that
clinicians viewed patients in this group as having greater illness severity or higher risk, perhaps explaining the higher proportion with worse outcomes.
Conducting a randomized interventional trial during a pandemic is no small feat, and the current trial is a substantial accomplishment. Cheng et al4 explicitly enriched the study population for patients they hypothesized would benefit in requiring
lymphopenia to be eligible. Lymphocyte cell counts are an attractive enrichment marker as an objective measure that is clinically available. Prior trials of rhG-CSF for patients with pneumonia and sepsis showed no benefit, although these trials
enrolled predominantly patients with bacterial pneumonia and
without leukopenia.5
As a treatment choice, rhG-CSF is somewhat unconventional. First, G-CSF has a major effect on the myeloid compartment, significantly increasing neutrophil proliferation, differentiation, mobilization, and survival. Myeloid cells,
including neutrophils, have been associated with more severe disease from COVID-19.1 In a nonrandomized cohort study,
blockade of the granulocyte-macrophage–CSF receptor reportedly benefited patients with COVID-19 with systemic
hyperinflammation. 6 For these reasons, the authors excluded patients with leukocytosis.
Second, the effect of rhG-CSF on lymphocyte quantity
and differentiation is somewhat limited. As reported, rhGCSF approximately doubled the lymphocyte cell count compared with a 4-fold increase in the total leukocyte cell

count.4 The G-CSF receptor is only moderately expressed in
the lymphoid lineage, predominantly on developing thymocytes. One possibility is that G-CSF treatment stimulates the
emergence of these T cell precursors from the thymus into
the periphery, although the rapidity of the observed effect
casts some doubt on whether this is the case. Another possibility is that a small subset of peripheral mature T cells
responds to rhG-CSF, or that rhG-CSF–stimulated myeloid
lineage cells interact with the T cell compartment to
improve its fitness. Beyond stimulation, G-CSF also has
regulatory roles and might downregulate neutrophil cytokine production or reset emergency hematopoiesis. Therefore, it is unclear if the effects of rhG-CSF reported by Cheng
et al4 are attributable to an increase in new lymphocytes,
changes to activation status of mature lymphocytes, or
changes centered on a myeloid to lymphocyte axis of cell
survival.
Specifically reversing sepsis-associated lymphopenia has
been the focus of immunoadjuvant trials of recombinant human interleukin-7 (rhIL-7), a cytokine favoring lymphocyte survival and proliferation. In a small phase IIb trial of patients with
septic shock, rhIL-7 increased lymphocyte cell counts and was
well tolerated, although no effect on mortality was seen.7
RhIL-7 has also been administered to a small series of 12 critically ill patients with COVID-19; the lymphocyte cell count increased, although changes in inflammatory cytokines or survival were not seen.8
Recent work with deep immune profiling of peripheral lymphocytes has also highlighted the dramatic heterogeneity of
immune responses to COVID-19, even among hospitalized patients with lymphopenia.9,10 Substantial variation in the degree of T cell and B cell activation and proliferation was evident, with organ failure associating with specific CD8
lymphopenia yet a highly active T cell response, along with a
sizable and persistent accumulation of plasmablasts, antibodysecreting cells that are typically low in abundance and only
transiently detectable in blood.9 Innate immune dysregulation was also evident, with decreased expression of the FcγRIII
receptor (CD16) on multiple cell types that might indicate either
an activated or refractory state.10 How rhG-CSF treatment, with
a likely more dominant impact on myeloid cells, influences
lymphocyte responses remains to be determined. Future studies should investigate whether rhG-CSF treatment has distinct effects in patients with different baseline immunological features.
The trial of rhG-CSF conducted by Cheng et al4 was relatively small, excluded patients with comorbidities, and was
conducted early during the COVID-19 pandemic. Moreover,
since this trial was conducted, the standard of care for hospitalized patients with COVID-19 has evolved considerably
to include the use of remdesivir and dexamethasone. It is
unclear how receipt of these medications in a uniform manner might influence the effects of rhG-CSF. Important next
steps in determining the role of rhG-CSF or other medications that target lymphopenia in patients with COVID-19 are
larger trials that incorporate the evolving standard of care
into the control arm and the inclusion of patients with
comorbidities.
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