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Background and Objectives: The optimal timing for initiating supplemental parenteral nutrition in chemothera-
py-induced severe granulocytopenia in patients with lung cancer remains uncertain. Methods and Study Design: 
A retrospective study was conducted among patients with lung cancer from February 2016 to June 2018. In total, 
182 eligible patients were included and divided into 2 groups according to the time of supplemental parenteral 
nutrition intervention: early initiation (within 72 hours of development of granulocytopenia) and late initiation 
(over 72 hours). The primary outcomes of the study were bacterial infection and fungal infection, and the second-
ary outcomes were duration of absolute neutrophil count less than 1.0×109 cells/L, length of hospital stay, mortal-
ity rate, and rate of chemotherapy (4 cycles) completion. Results: The incidence rates of bacterial infection and 
fungal infection were significantly lower among patients who received supplemental parenteral nutrition early 
than among patients who received it late. No significant difference in mortality was observed between the groups. 
In addition, compared with late supplemental parenteral nutrition, early supplemental parenteral nutrition was as-
sociated with a higher rate of completion of 4 chemotherapy cycles and shorter hospital stays and leukocyte re-
covery periods in our cohort. Univariate and multivariate logistic regression analyses revealed that the subgroup 
of patients with an NRS-2002 score of 2 benefited from early supplemental parenteral nutrition. Conclusions: 
Early supplemental parenteral nutrition after chemotherapy-induced severe granulocytopenia could reduce the 
risk of infection, improve the likelihood of chemotherapy completion, and shorten hospital stays and leukocyte 
recovery times. 
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INTRODUCTION 
Chemotherapy plays an important role in improving the 
prognosis of patients with lung cancer.1,2 However, ad-
verse effects associated with chemotherapy such as liver 
and kidney dysfunction, gastrointestinal mucosal damage, 
and bone marrow suppression cannot be ignored.3-5 The 
most common and severe risk among patients who devel-
op granulocytopenia after chemotherapy is infection fol-
lowing leukocytopenia, that is, febrile neutropenia 
(FN).6,7 A previous study reported that approximately 
86% of patients who died from FN were treated 2 hours 
after the onset of FN,8 suggesting the importance of time-
ly and effective treatment of FN. The Infectious Diseases 
Society of America guidelines recommend that a patient 
be administered an initial dose of antibacterial therapy 
within 1 hour after FN is diagnosed and be monitored for 
more than 4 hours before discharge from hospital. There-
fore, treatment of granulocytopenia to avoid infection has 
become a concern after chemotherapy.8 

In recent years, with the application of biological 
agents such as granulocyte colony–stimulating factor (G- 

 
 
CSF), the incidence of severe granulocytopenia after 
chemotherapy has decreased, and the prognosis of pa-
tients has improved.9,10 However, because of the increase 
in chemotherapy cycles and implementation of the com-
bination regimens, the incidence of severe granulocyto-
penia-related infection after chemotherapy remains 
high.11 In addition, for a few patients with FN, standard 
treatment such as that using G-CSF or anti-infection 
drugs fails to increase the leukocyte levels of patients 
with severe granulocytopenia.10 Therefore, other effective 
treatment of patients with severe granulocytopenia after 
chemotherapy warrant further investigation. 
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Nutritional support therapy, as a part of cancer treat-
ment, played a protective effect against bone marrow 
suppression after chemotherapy.12,13 Early studies on nu-
tritional intervention have focused on total parenteral nu-
trition (PN) because of its protective effect against bone 
marrow suppression after chemotherapy; however, lim-
ited benefits of total PN have been observed.14,15 This 
could be attributed to the small cohort size (fewer than 40 
patients) in these studies.15-17 In addition, in some studies, 
total PN has failed to meet physiological demands, in 
addition to coming with high costs and numerous compli-
cations. Therefore, several clinicians have advocating 
replacing PN with enteral nutrition (EN) in clinical set-
tings. However, EN may also fail to meet the needs of the 
bodies of critically ill patients, resulting in inadequate 
energy or protein intake.18,19 For example, a multicentre 
clinical study reported that EN could provide more than 
80% of energy and protein needs in only 25% of critically 
ill patients.20 Considering that long-term nutritional defi-
ciency may affect the prognosis of critically ill patients, 
supplemental parenteral nutrition (SPN) is used in some 
clinical practices.21 In such cases, when EN is insufficient, 
some of the energy and protein requirements can be pro-
vided through PN.  

At present, studies on SPN have been performed in crit-
ically ill patients with one or more organ failures.20,22 Pa-
tients with cancer who develop life-threatening infections 
because of granulocytopenia after chemotherapy are cate-
gorised as critically ill patients, both European Society for 
Clinical Nutrition and Metabolism (ESPEN) and North 
American Enteral Parenteral Nutrition Association (AS-
PEN) guidelines recommends that SPN should be provid-
ed in critically cancer patients. However, the existing 
clinical trial data regarding the optimal timing of SPN 
intervention in such patients are inconclusive.22-24 There-
fore, it is of great clinical significance to explore the op-
timal timing of SPN in critically ill patients with cancer 
who develop severe granulocytopenia after chemotherapy. 
Prospective randomised controlled studies can provide 
high-level evidence to demonstrate whether early SPN 
improves the prognosis of patients with severe granulo-
cytopenia after chemotherapy. However, severe granulo-
cytopenia after chemotherapy may lead to life-threatening 
infections, which are difficult to conduct in randomized 
controlled study; poor patient compliance and reasonable 
ethics are also factors that should be considered. We re-
port a retrospective study through which we sought to 
explore the effect of SPN timing in patients with lung 
cancer who developed severe granulocytopenia after 
chemotherapy. 
 
METHODS 
Patients and study design 
A retrospective cohort study was conducted on severe 
granulocytopenia after chemotherapy in 288 patients with 
lung cancer who were admitted to our institute from Jan-
uary 2016 to February 2018. According to NCI-CTCAE 
version 4.0, Grade 3 and Grade 4 of granulocytopenia 
were considered severe granulocytopenia in our study. 
After evaluation, 182 patients were eligible for this study. 
They were classified into 2 groups, according to the tim-
ing of SPN intervention: early SPN (within 72 hours of 

development of granulocytopenia) and late SPN (after 72 
hours of development of granulocytopenia). Patients in 
the early SPN group had leukopenia for a median of 
1.94±0.80 days, whereas those in the late SPN group had 
leukopenia for a median of 5.80±1.24 days. Propensity 
score matching (PSM) was used to control the propensity 
bias of the 2 groups. We performed comparative analysis 
of the infection rate, absolute neutrophil count, length of 
hospital stay, and rate of chemotherapy completion of 
patients receiving early SPN and late SPN. This study 
was approved by the institutional review board of Chi-
nese PLA General Hospital.  

 
Inclusion and exclusion criteria 
Patients older than 18 years who were diagnosed with 
lung cancer according to pathological guidelines, had 
severe granulocytopenia after chemotherapy, received 
SPN, and had an Eastern Cooperative Oncology Group 
(ECOG) score of 0–2 before chemotherapy were included. 
Patients who did not receive SPN when diagnosed with 
severe granulocytopenia after chemotherapy; received 
concurrent radiotherapy and chemotherapy; developed 
leukocytopenia or thrombocytopenia due to bone marrow 
invasion; failed to complete chemotherapy because of 
infection caused by severe anaemia or thrombocytopenia; 
had haematologic diseases such as myelodysplastic syn-
drome; or received treatment to increase white blood cell 
number, nonstandard nutritional treatment, or oral nutri-
tional supplementation only were excluded. 

 
Treatment of granulocytopenia 
After chemotherapy, routine blood tests were performed 
every 3 days or at the onset of a fever. When patients de-
veloped severe granulocytopenia and their absolute num-
ber of neutrophils decreased below 1.0×109 cells/L, they 
were subcutaneously administered recombinant human G-
CSF injection at a dose of 2–5 μg/kg per day. This treat-
ment was discontinued when the neutrophil count reached 
5.0×109 cells/L or when the white blood cell count ex-
ceeded 10.0×109 cells/L. The room was disinfected by 
UV rays; patients were instructed to gargle with nitrofu-
razone and administered an anti-infective agent such as 
moxifloxacin. Patients with fever were administered anti-
biotics such as third-generation cephalosporins or car-
bapenems. Those suspected to have fungal infections 
were administered an antifungal agent such as voricona-
zole or fluconazole. When the body temperature of a pa-
tient remained normal for more than 3 days and their ab-
solute neutrophil count returned to the normal range, the 
anti-infection therapy was discontinued. 

 
SPN methods and doses 
The caloric targets were 35 kcal/kg per day for men and 
30 kcal/kg per day for women. EN supply was recorded. 
PN (15–25 kcal/kg per day) was supplied when the EN 
provided less than 80% of the caloric target. Protein, car-
bohydrates, and fats contributed 20%, 40%, and 40%, 
respectively, of the parenteral calories. Electrolytes, trace 
elements, minerals, and vitamins were added as clinically 
appropriate. The specific implementation strategy was 
comprehensively evaluated according to the clinical con-
dition and intestinal function of the patient. When the EN 
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met 80% of the caloric target or when patients could 
reach their caloric target by themselves, PN was discon-
tinued. 

 
Follow-up and data records 
From the onset of severe granulocytopenia after chemo-
therapy, patients were followed up for 12 weeks (4 cycles 
of chemotherapy) or until death. A combination of tele-
phone follow-up and systematic case registration follow-
up was used. 

 
Monitoring of study indicators  
The primary indicators of the study were bacterial infec-
tion and fungal infection. Bacterial infection referred 
mainly to pulmonary infection and bacteraemia. Pulmo-
nary infection could be clinically or aetiologically diag-
nosed according to pulmonary auscultation, chest X-ray, 
sputum culture, and blood culture. Bacteraemia could be 
diagnosed on the basis of clinical infection symptoms and 
blood culture. The diagnosis of fungal infection was 
based on detection of fungi in the sputum through mi-
croscopy or fungal culture (2 consecutive times) or from 
positive tests (2 consecutive times) for Glactomannan 
(GM) and (1,3) beta-D-glucan (G) test in blood samples.  

The secondary indicators of the study were the duration 
for which the absolute neutrophil count was less than 
1.0×109 cells/L, length of hospital stay, modality rate, and 
rate of chemotherapy (4 cycles) completion. 

 
Statistical analysis 
For α=0.05, 80% power, a 1:1 ratio, and 5% loss to fol-
low-up, according to our previous retrospective studies 
(which have revealed that early SPN could reduce the 
likelihood of infection in patients with lung cancer by 
10% compared with that in patients who receive late 
SPN), the minimal sample size was estimated to be 91 
patients per group. The time from onset of severe granu-
locytopenia to infection was recorded, and the incidence 
of infection was analysed among all patients who com-
pleted the follow-up. 

All statistical analyses were performed using SPSS 
version 20.0 (SPSS Inc., Chicago, IL, USA). Categorical 
variables are described as percentages and were compared 
using the chi square and Fisher exact tests. Continuous 
variables are described as mean ± standard deviation (SD) 
and were compared using the 2 sample Student t test or 
ANOVA, as appropriate.  

Univariate analysis was used to compare each sub-
group between the groups. To determine which subgroup 
would benefit more from SPN, several significant sub-
groups in the univariate analysis or those considered clin-
ically important were further analysed to estimate ORs 
with 95% CIs in the binary logistic regression model for 
granulocytopenia-related infection. Interaction logistic 
analysis was conducted according to patient age and fac-
tors determined to be significant in univariate analysis or 
those considered clinically important. A two-tailed 
p<0.05 was considered statistically significant. 
 
RESULTS 
Study design and workflow overview 
We reviewed the clinical data of 288 patients with lung 

cancer who developed myelosuppression after chemo-
therapy in our department from January 2016 to February 
2018. A total of 103 patients were excluded owing to rea-
sons such as having Grade 1 or Grade 2 granulocytopenia 
(n=88) or being unfit for treatment (n=6); 3 of the remain-
ing 185 patients were excluded because they were lost to 
follow-up.  

Patients who received SPN within 72 hours of diagno-
sis of severe granulocytopenia after chemotherapy were 
classified as the early SPN group (n=92), and those who 
received SPN after more than 72 hours of diagnosis were 
classified as the late SPN group (n=90). The 182 eligible 
patients consisted of 90 men and 92 women, with a medi-
an age of 64 (range, 45–77) years. The study design and 
patient selection process are demonstrated in Figure 1.  

At baseline, the following clinical characteristics of the 
patients in the 2 treatment groups did not differ signifi-
cantly: age, gender, ECOG performance score, nutritional 
risk screening-2002 (NRS-2002) score, history of myelo-
suppression (pre-myelosuppression), history of chemo-
therapy (pre-chemotherapy), history of prophylactic use 
of G-CSF, weight loss, and anti-tumour therapeutic agent 
(Table 1). In addition, the energy and protein intake per 
day by patients in the early SPN group and those in the 
late SPN group was similar, as shown in Table 2. There-
fore, the groups were comparable in terms of these pa-
rameters. 

 
Different incidence rates of infections between the early 
SPN and late SPN groups 
The duration of observation was the same for the early 
and late SPN groups. With the onset of severe granulo-
cytopenia as the starting point, the follow-up period was 4 
chemotherapy cycles (12 weeks). Among patients with 
lung cancer with severe granulocytopenia after chemo-
therapy, the incidence rate of bacterial infection was sig-
nificantly lower among patients who received early SPN 
than among patients who received late SPN (8.7% vs 
20.0%, χ2=4.748, p=0.029, Figure 2). The rate of fungal 
infection was also lower among patients who received 
early SPN than among those who received late SPN 
(3.3% vs 11.1%, χ2=4.227, p=0.04). However, in terms of 
mortality, although early SPN reduced the mortality relat-
ed to granulocytopenia after chemotherapy, no significant 
difference was observed between the groups (4.3% vs 
6.7%, χ2=0.47, p=0.49). 
 
Differences in absolute neutrophil count, hospitalisation, 
and chemotherapy completion rate between the early 
SPN and late SPN groups 
Compared to late SPN intervention, early SPN signifi-
cantly shortened the duration of absolute neutrophil count 
less than 1.0×109 cells/L (4.50±2.63 days vs 6.10±3.15 
days, t test, p<0.001, Figure 3A). The mean hospital stay 
in the early SPN group was significantly shorter than that 
in the late SPN group (8.35±4.10 days vs 10.22±3.72 
days, t test, p=0.001, Figure 3B). In addition, early SPN 
was significantly associated with a higher rate of comple-
tion of 4 cycles of chemotherapy, compared with late 
SPN (75.0% vs 57.8%, χ2=6.056, p=0.01, Figure 3C). 
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Figure 1. Flow diagram of patient enrolment. A total of 288 patients with lung cancer who developed granulocytopaenia after chemother-
apy were assessed on admission to the hospital; 106 patients were excluded as they did not satisfy the inclusion criteria or because they 
were lost to follow-up. Finally, a total of 182 patients were observed 
 
 

 
 

Figure 2. Comparison of bacterial infection rate, fungal infection rate, and mortality rate between patients receiving early-initiated SPN 
and late-initiated SPN. Categorical variables were described as percentages and compared using Chi square test (***p<0.05). 
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Multivariate analysis of factors associated with infection 
rate 
After preliminary results indicating that early initiation of 
SPN can reduce the rate of infection among patients with 
lung cancer who develop severe granulocytopenia after 
chemotherapy, we attempted to determine which patient 
subpopulations would benefit more from early SPN than 

from late SPN.  
    To explore the factors potentially associated with the 
incidence rates of infections, we conducted univariate 
analyses between the early SPN and late SPN groups. 
Table 3 displays the statistic value of clinical characteris-
tics associated with infection rates. Lower infection rates 
were significantly correlated with an NRS-2002 score of 

Table 1. Baseline patient characteristics 
 

Characteristic n Early SPN (n=92) Late SPN (n=90) χ２or t test p value 
Mean age (years), mean±SD  61.6±7.65 63.4±6.06 1.83 0.068 

 ≥65, n (%) 90 43 (46.7) 37 (41.1) 0.59 0.459 
 <65, n (%) 92 49 (53.3) 53 (58.9) 
Gender, n (%)      

 Female 92 44 (47.8) 48 (53.3) 0.55 0.463 
 Male 90 48 (52.2) 42 (46.7) 
ECOG, n (%)      
 0 15 10 (10.9) 5 (5.6) 2.15 0.341 
 1 126 60 (65.2) 66 (73.3) 
 2 41 22 (23.9) 19 (21.1) 
NRS 2002, n (%)      

 1 86 40 (43.5) 46 (51.1) 2.22 0.330 
 2 51 25 (27.2) 26 (28.9) 
 ≥3 45 27 (29.3) 18 (20.0) 
Histology, n (%)      

 Adenocarcinoma 57 26 (28.3) 31 (34.4) 1.76 0.414 
 Squamous 48 28 (30.4) 20 (22.2) 
 SCLC 77 38 (41.3) 39 (43.3) 
Pre-myelosuppression, n (%)      

 No 82 43 (46.7) 39 (43.3) 0.21 0.644 
 Yes 100 49 (53.3) 51 (56.7) 
Pre-chemotherapy, n (%)      

 No 63 35 (38.0) 28 (31.1) 0.97 0.326 
 Yes 119 57 (62.0) 62 (68.9) 
Prophylactic use of G-CSF, n (%)      

 No 87 40 (43.5) 47 (52.2) 1.39 0.238 
 Yes 95 52 (56.5) 43 (47.8)   
Weight loss†, n (%)      

 No 103 53 (57.6) 50 (55.6) 0.08 0.780 
 Yes 79 39 (42.4) 40 (44.4) 
Anti-tumor therapeutic agents, n (%)      

 Single chemotherapy 24 11 (12.0) 13 (14.4) 0.26 0.878 
 Double chemotherapy 138 71 (77.2) 67 (74.4) 
 Multiple hemotherapy 20 10 (10.9) 10 (11.1) 

 

SPN: supplemental parenteral nutrition; ECOG: Eastern Cooperative Oncology Group; NRS 2002: nutritional risk screening-2002; 
SCLC: small cell lung cancer. 
†Weight loss was defined as loss of over 5% of weight within 3 months. 
 
 
Table 2. Energy and protein intake per day of the early SPN and late SPN groups 
 
 Early SPN (N=92) Late SPN (N=90) t test p value 
EN     

Energy (kcal/kg.day) 17.4±2.6 17.5±2.2 0.35 0.731 
Protein (g/kg.day) 0.7±0.1 0.7±0.1 0.64 0.526 

SPN     
Energy (kcal/kg.day) 15.5±2.8 15.4±2.7 0.19 0.846 
Protein (g/kg.day) 0.6±0.1 0.6±0.1 0.95 0.343 

Total     
Energy (kcal/kg.day) 32.8 ±2.4 32.9±2.3 0.13 0.894 
Protein (g/kg.day) 1.3±0.1 1.3±0.1 1.58 0.115 

 

EN: enteral nutrition; SPN: supplemental parenteral nutrition. 
Values are presented as mean±SD. 
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2 (χ2=7.578, p=0.011), pre-myelosuppression (χ2=4.971, 
p=0.026), pre-chemotherapy (χ2=4.227, p=0.04), and 
prophylactic use of G-CSF (χ2=12.991, p=0.000) in the 
early SPN group. Multivariate logistic regression analysis 
indicated that patients with an NRS-2002 score of 2 
(OR=0.184; 95% CI, 0.045, 0.758; p=0.019) benefit from 
early SPN. Interaction logistic regression analysis showed 
that early SPN was associated with a significantly lower 
incidence of infection in older patients with lung cancer 
who had a history of granulocytopenia. 
 
DISCUSSION 
In this study, we compared the clinical benefits of early 
SPN (within 72 hours of diagnosis of granulocytopenia) 
with those of late SPN (over 72 hours after diagnosis of 
granulocytopenia) in 182 eligible patients with lung can-
cer who developed chemotherapy-induced severe granu-
locytopenia and who received insufficient nutrition 
through EN. We found that early initiation of SPN was 
associated with a lower risk of infection that late initiation 
of SPN. In addition, compared with late SPN, early SPN 
was associated with a higher rate of completion of 
chemotherapy and shorter hospital stays and leukocyte 
recovery periods. Moreover, we performed a relative risk 

analysis and stratified patients to determine which patient 
groups would receive more benefits from early SPN than 
from late SPN. 

Studies on nutrition supplementation have been per-
formed in critically ill patients with one or more organ 
failures.20,24-28 Most patients who developed severe granu-
locytopenia after chemotherapy in our study did not have 
organ failure or any other serious complications. There-
fore, our patients were relatively representative because 
the biases introduced by complications and poor homoge-
neity between samples were minimised. In addition, un-
like previous studies,29,30 we used baseline NRS-2002 
score and PSM to control bias between the groups;31 thus, 
our conclusions should be sufficiently reliable. With re-
gard to the timing of SPN initiation, the ESPEN recom-
mends that SPN be started within 2 days; however, the 
North American Enteral Parenteral Nutrition Association 
guidelines recommend that PN be initiated after 7 days if 
EN fails to achieve the caloric target.32,33 However, there 
is no definite time optimal for starting SPN. In our study, 
we considered the aforementioned timing recommenda-
tions and selected 3 days as the cut-off between early 
SPN and late SPN. 

Table 3. Univariate and multivariate analysis of factors associated with infection rate according to baseline character-
istics 
 
 Early SPN  Late SPN Statistic 

value 
p  

value 
Binary logistic regression 

 Events Total  Events Total OR 95% CI p value 
Age           
 ≥65 years 6 43  11 37 2.96 0.085    
 <65 years 2 49  7 53 2.64 0.104    
Sex           
 Male 4 44  9 48 1.77 0.184    
 Female 4 48  9 42 3.11 0.078    
ECOG Score           
 1 4 60  12 66 3.76 0.053    
 2 4 22  6 19 0.99 0.469 0.72 0.22, 2.31 0.578 
NRS2002           
 1 1 40  3 46 0.78 0.377 0.56 0.17, 1.82 0.332 
 2 1 25  9 26 7.58 0.011 0.18 0.04, 0.76 0.019 
 3 6 27  6 18 0.68 0.499 4.32 0.61, 30.7 0.144 
Histology           
 Adenocarcinoma 3 26  6 31 0.65 0.488    
 Squamous 2 28  3 20 0.77 0.636    
 SCLC 3 38  9 39 3.37 0.066    
Pre-myelosuppression           
 No 1 43  1 39 0.004 1.000    
 Yes 7 49  17 51 4.97 0.026 0.51 0.07, 3.49 0.489 
Pre-chemotherapy           
 No 1 35  1 28 0.03 1.000    
 Yes 7 57  17 62 4.23 0.040 0.54 0.08, 3.55 0.517 
prophylactic use of 
G-CSF           

 No 5 40  3 47 0.97 0.462    
 Yes 3 52  15 43 13.0 0.000 0.45 0.16, 1.28 0.132 
Weight loss           
 No 1 53  3 50 1.17 0.353    
 Yes 7 39  15 40 3.76 0.053    
Chemotherapy           
 Single  0 11  3 13 2.90 0.223    
 Double  5 71  11 67 2.96 0.086    
 Multiple  3 10  4 10 0.22 1.000    
 
SPN: supplemental parenteral nutrition; ECOG: Eastern Cooperative Oncology Group; NRS 2002: nutritional risk screening-2002; G-
CSF: granulocyte colony stimulating factor. 
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The optimal timing of SPN initiation in patients whose 
caloric targets cannot be met by EN alone remains con-
troversial. Wang et al reported that compared with early 
initiation of SPN, late initiation of SPN increased the in-
cidence of nosocomial infections in critically ill children, 
consistent with our findings.29 However, Casaer et al re-
ported that among patients who were receiving insuffi-
cient EN, those in a late SPN group had lower risk infec-
tion (22.8% vs 26.2%; p=0.008) and shorter median stays 
in the ICU (3 vs 4 days; p=0.02) compared with patients 
from their early SPN initiation group.25,34 The discrepan-
cies between the results of these studies and ours may be 
attributed to several factors. First, in the study by Casaer 
et al, early SPN was initiated within 48 hours of onset of 
severe granulocytopenia, and late SPN was initiated after 
8 days. The period between day 2 and day 8, which might 
affect the outcome, was not evaluated. Second, critically 
ill patients typically have complex diseases and complica-
tions, which may introduce bias into the results. However, 
in our cohort, the proportion of such patients was only 
approximately 20%, and the effects on the conclusions 
were minimised. Third, in the study by Casaer et al, the 
proportion of patients with sepsis was 20%, and infection 
itself may affect the development of complications; 
moreover, the nutritional risk scores of the patients were 
high (3–7 points); therefore, the representativeness of the 

patients was poor. According to the aforementioned re-
sults, we suggest that the clinical advantage of early over 
late SPN should be confirmed in larger cohorts with more 
uniform patient characteristics and minimal complication 
bias. 

Subgroup analysis indicated that compared with late 
SPN, early SPN could reduce the infection rate in patients 
with severe granulocytopenia after chemotherapy in pa-
tients with an NRS-2002 score of 2, with chemotherapy 
history, with history of G-CSF application, or using a 
single antitumour agent. Multivariate logistic regression 
analysis confirmed that the subgroup of patients with an 
NRS-2002 score of 2 benefited from early SPN. 

The NRS-2002 score includes not only weight loss but 
also food intake and the status of the disease itself. There-
fore, it is recommended by the ESPEN for risk scoring in 
cancer. Compared with late initiation of SPN, early initia-
tion of SPN was associated with a lower incidence of 
granulocytopenia-associated infections in patients with an 
NRS-2002 score of 2 in our cohort. One possible reason 
is that patients with an NRS-2002 score of 1 had a rela-
tively low malnutrition risk and may not have required 
SPN. The risk of bacterial infection after chemotherapy 
was relatively high among patients with an NRS-2002 
score of ≥3; therefore, the infection rates of patients re-
ceiving early SPN and those receiving late SPN did not 

 
 

Figure 3. Secondary outcomes between patients receiving early-initiated SPN and late-initiated SPN. (A) Differences in absolute neutro-
phil count between early SPN and late SPN groups. Values are presented as mean ± SD. (B) Differences in hospital stays between the 
groups. Values are presented as mean ± SD. (C) Differences in the rates of completion of four cycles of chemotherapy between the 
groups. Comparisons between the different sub-groups were performed using Chi square test (***p<0.05). 
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differ significantly. The risk of malnutrition in patients 
with an NRS-2002 score of 2 was moderate, and their 
infection rates might be sensitive to the timing of SPN 
initiation. 

This study used logistic regression analysis to analyse 
possible interactions between subgroups. Although there 
was no benefit of early SPN in elderly patients or in those 
with previous granulocytopenia, the interaction analysis 
suggested a significant association between lung cancer 
with previous granulocytopenia and elderly patients. We 
found that early SPN could reduce the incidence of lung 
cancer–related infections in elderly patients with severe 
granulocytopenia. This could be attributed to the relative-
ly poor bone marrow reserve function among elderly pa-
tients with lung cancer. The recovery time after granulo-
cytopenia is relatively long, and granulocytopenia-related 
infections are common during this period. Therefore, the 
interactions between these patients should be considered 
to improve the diagnosis and treatment of severe granulo-
cytopenia after chemotherapy. 

The effects of early and late SPN intervention on the 
mortality of patients with lung cancer who develop granu-
locytopenia after chemotherapy were not significantly 
different. Our observation was echoed by Kutsogiannis et 
al, who reported that compared with late SPN, early SPN 
slightly reduced the mortality rate of patients undergoing 
mechanical ventilation; however, the difference was not 
statistically significant.35 The result was consistent with 
our observation. Many factors could affect the outcome of 
mortality of patients with granulocytopenia. A possible 
reason for this is that the factors associated with mortality 
include not only leukocytopenia-associated infection but 
also tumour progression and numerous other confounding 
factors, whereas nutritional support contributes mainly to 
the improvement of leukocytopenia. Another possible 
reason is that the cohort size in our study was small, and 
the number of deaths was limited. Therefore, whether the 
timing of SPN administration affects mortality rate should 
be further investigated in larger cohorts.  

Our study has several limitations. First, the population 
included mainly patients with chemotherapy-induced se-
vere granulocytopenia; thus, its clinical value is not appli-
cable to all patients with myelosuppression. Second, func-
tional supplements such as n-3 fatty acids and alanyl glu-
tamine in parenteral nutrition have been reported to have 
different anti-inflammatory effects and may have intro-
duced bias into the clinical outcomes of our patients. 
Third, this study was a single-centre study and thus may 
have had a central effect; therefore, validation of our re-
sults in a multicentre randomised clinical trial is warrant-
ed. 

In conclusion, early SPN could reduce the incidence of 
granulocytopenia-related infections, improve the likeli-
hood of chemotherapy completion, reduce the recovery 
time of leukocytes, and shorten hospital stays. Nutritional 
risk assessment should be performed in patients with lung 
cancer who develop chemotherapy-induced severe granu-
locytopenia. Exploration and research in clinical practice 
are warranted to confirm the benefits of early SPN. 
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