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to learn the prognostic value of PNI on overall survival (OS) or progression-free
survival (PFS); and meanwhile calculated the relative risk (RR) with 95% CI to
study the relationship between PNI and treatment efficacy (objective response
rate [ORR] or disease control rate [DCR]) in late staged cancer receiving PD-1/
L1 inhibitors.

Results: Nine studies were finally selected for this meta-analysis. We obtained
data regarding PNI on OS from all nine studies, and the pooled HR was 2.31 (95%
CI 1.81-2.94, p = 0.000), showing a correlation between low PNI and worse OS.
Eight studies reported a relationship between PNI and PFS, and combined results
revealed shorter PFS in patients with lower PNI, with an HR of 1.75 (95% CI 1.40-
2.18, p = 0.000). Four studies explored the association between PNI and ORR and
two studies explored the influence of PNI on DCR. An association between PNI
and ORR (RR = 0.47, p = 0.003) was observed, while no association between PNI
and DCR (RR = 0.49, p = 0.103) was observed by pooling these studies.
Conclusion: In summary, this meta-analysis indicated that a lower PNI was sig-
nificantly correlated with decreased OS and PFS and played adverse roles in ORR
in advanced cancer patients receiving PD-1/L1 inhibitors. Therefore, PNI could
be promising for predicting prognosis and treatment response in advanced malig-
nancies treated with PD-1/L1 inhibitors.
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1 | INTRODUCTION 2 | MATERIALS AND METHODS
Recent advances in programmed death-1/programmed 2.1 | Study selection strategy

death-ligand 1 (PD-1/L1) inhibitors therapy have sub-
stantially revolutionized the cancer therapeutic status by
improving the survival of certain advanced or metastatic
cancers."” Although PD-1/L1 inhibitors have shown in-
credible therapeutic efficacy and are largely well tolerated,
they do not maintain a lasting response in all treated pa-
tients. In fact, it is reported that the response rates vary
widely. A reliable biomarker will be helpful in predicting
the therapeutic efficacy of PD-1/L1 inhibitors® and select-
ing potential patients benefiting from PD-1/L1 inhibitor
treatment.

To date, tumor marks, such as tumor mutational bur-
den (TMB),* tumor infiltrating lymphocytes (TILs),” and
the presence of microsatellite instability (MSI)® have been
the most widely studied predictive biomarkers in the time
of PD-1/L1 inhibitor treatment.” Although PD-L1 expres-
sion is especially important in predicting PD-1/L1 inhibitor
treatment sensitivity, the PD-L1 expression status was not
always clear in cases when limited specimens were obtained
before treatment, and it is not suitable for repeated biopsy
to avoid the risk of pleural dissemination. However, a lack
of consensus on the critical cutoff values of TMB, TILs, and
MSI, and the complexity in testing them have limited their
clinical applications. In addition to assessing PD-L1, TMB,
TILs, and MSI, simple biomarkers from blood tests evalu-
ating the host immune or nutritional status are also valu-
able. Among them, neutrophil-to-lymphocyte ratio (NLR),?
platelet-to-lymphocyte ratio (PLR),” and prognostic nutri-
tional index (PNI)* are readily available and inexpensive
candidates. The prognostic value of these markers has been
widely studied in different kinds of cancers.

PNI is an easily available index based on nutritional
and immunological parameters, and has attracted much
attention in recent years. PNI was calculated as: 10 X al-
bumin (g/dl) + 0.005 X total lymphocyte count (per
mm?)."" Since the introduction of PNI, many investiga-
tors have provided evidence that low PNI predicts cancer
prognosis whether patients receive surgery or chemora-
diotherapy.'>'* The prognostic value of PNI in advanced
or metastatic cancer receiving PD-1/L1 inhibitors has also
been explored recently. Some have shown that PNI was
associated with prognosis in advanced cancer receiving
PD-1/L1 inhibitors, while others did not. The prognosis
of PNI in cancer receiving PD-1/L1 inhibitors needs fur-
ther investigation to provide more evidence for simply ob-
tained tumor markers.

Therefore, our study aims to explore the prognostic
value of PNI in advanced malignant patients treated with
PD-1/L1 inhibitors.

Two investigators independently searched PubMed,
Embase(via OvidSP), and Web of Science for relevant ar-
ticles that investigated the prognosis of PNI in malignant
patients treated with PD-1/L1 inhibitors published before
October 6, 2021. The searching strategy was: ((prognos-
tic nutritional index) OR (PNI)) AND (((((immunother-
apy or immune checkpoint inhibitor) OR (programmed
death ligand-1 inhibitor)) OR (PD-L1 inhibitor)) OR
(programmed death-1 inhibitor)) OR (PD-1 inhibitor)).
References in eligible studies were also carefully browsed
to find potential researches.

Candidates meet the following criteria were regarded
eligible: (1) long-term survival was provided: overall sur-
vival (OS) or progression-free survival (PFS); reported
treatment response data including objective response rate
(ORR) or disease control rate (DCR) or provided sufficient
data to calculate them; and (2) literature published with
full text in English. (3) Hazard ratios (HRs) or relative
risks (RRs) with 95% CIs were either reported directly or
could be extracted from original articles.

Exclusion criteria: (1) studies with insufficient data
from which HRs or RRs and 95% CIs could be obtained
such as reviews, case or series reports, conference ab-
stracts, or comments; (2) studies in which patients re-
ceived combined therapy (chemotherapy or target therapy
or antiangiogenic therapy); and (3) overlapping or dupli-
cated data.

2.2 | Data extraction

The following information was extracted and recorded
by two investigators independently: first author, coun-
try, publication year, patient numbers, cancer type, pre-
treatment PNI cutoff value, survival analysis mode, and
number of patients respond to PD-1/L1 inhibitors (ORR
and DCR). We would use the reported HR with 95% CI
if available. Otherwise, data were extracted from the
Kaplan-Meier survival curves.'* We preferred multivari-
ate analysis results when available, otherwise the univari-
ate analysis results were selected.

2.3 | Quality assessment

The Newcastle-Ottawa Scale (NOS) tool was used to
evaluate study quality. We considered studies with scores
higher than six as high-quality studies.
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2.4 | Statistical analysis

Prognostic outcomes, including OS and PFS were pri-
mary endpoints of this study. HR with 95% CI was
pooled to estimate the prognostic value of PNI in
advanced cancer patients. RR with 95% CI was com-
bined to explore the risk of PNI in PD-1/L1 inhibitor
treatment ORR and DCR. A fixed-effects model was
adopted when no significant heterogeneity was ob-
served (I* < 50%), which indicated low (I* < 25%) or
moderate (I* = 25%-50%) heterogeneity, otherwise a
random-effects model was adopted. Sensitivity analysis
was performed to explore the influence of each individ-
ual study on OS and PFS. Publication bias was evalu-
ated by funnel plots, Egger's test,"* and Begg's test."
We used STATA 14.0 software (Stata Corporation) to
conduct statistical analyses.

3 | RESULTS

3.1 | Characteristics of eligible studies

A total of 366 records were initially identified by
searching three databases. Fifty-six duplicates were

first excluded. After excluding 287 studies by browsing
the titles and abstracts, we read the full texts of remain-
ing 23 studies. After excluding six studies with no avail-
able data and eight studies in which patients received
combined therapy, nine eligible retrospective observa-
tional studies'®?* with available data were finally se-
lected as eligible for this meta-analysis (Figure 1). HRs
with 95% CIs regarding PNI on OS could be obtained
from all nine studies directly and data regarding PNI
on PFS could be obtained from eight studies.'®!"*¥"*
The ORR with 95% CIs could be calculated from three
studies'”'®?! and the DCR with 95% CIs could also
be calculated from two studies.'®** All of nine stud-
ies were regarded to have high or moderate quality
(NOS: 6-8), the characteristics of which are depicted in
Table 1. These studies were published since 2019, with
a majority of them being conducted in Japan. The sam-
ple size ranged from 24 to 150, among which three were
focused on lung cancer, two on urothelial carcinoma,
one on esophageal cancer, one on gastric cancer, one
on gastric cancer or gastroesophageal junction cancer,
and the last one on different kinds of cancer including:
melanomas, renal cell carcinoma, NSCLC, Hodgkin
lymphoma, head and neck cancer, and transitional cell
carcinoma.

Records identified through searching PubMed,
Embase and Web of Science (n=366)

Additional records
identified through other
sources (n=0)

(=310)

Records after duplicates removed

A 4

Records excluded (n=287):

Records screened
(n=310)

Conference abstract (n=3)
Review (n=28)
Not in English (n=12)

A\ 4

A 4

Case report (n=1)
Not related topic (n=243)

eligibility (n=23)

Full-text articles assessed for

Full-text articles excluded (n=14):
No avaliable data (n=6)

A\ 4

A 4

Combined therapy (n=8)

(=9)

Studies included in quantitity
synthesis (meta-analysis)

FIGURE 1 Flow diagram of literature review
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3.2 | Prognostic impact of PNI on OS

All nine studies’®* consisting of 640 patients were en-
rolled to analyze the association between PNI and OS.
The pooled results suggested a worse OS in patients with
lower PNI (HR = 2.31, 95% CI 1.81-2.94, p = 0.000),
with moderate heterogeneity (I* = 33.0%, p = 0.154).
(Figure 2A).

3.3 | Prognostic impact of PNI on PFS

Eight studies'®'”**"** consisting of 616 patients were in-
cluded to analyze the association between PNI and PFS.
The pooled results showed that patients with low PNI
had shorter PFS (HR = 1.75, 95% CI 1.40-2.18, p = 0.000),
with no significant heterogeneity (I = 0%, p = 0.638)
(Figure 2B).

3.4 | Sensitivity analysis and
publication bias

Sensitivity analysis indicated that each individual study
had no significant influence on observed effect size
(Figure 3A for OS, Figure 3B for PFS). The funnel plot in-
dicated no apparent asymmetry (Figure 4A,B) and we ob-
served no publication biases in Egger’s tests (Figure 5A,B),
or Begg's tests (p = 0.466 for OS, p = 0.902 for PFS). These
results indicated no obvious publishing bias.

3.5 | Subgroup analysis

Subgroup analyses based on related clinical character-
istics were conducted to explore the potential source of
heterogeneity for OS. Results demonstrated that low-PNI

predicted worse OS in patients regardless of the cut-off
value (>45 or <45), sample size (>100 or <100), publica-
tion country (Japan or others), or cancer type (NSCLC or
others). In the subgroups analysis of Cox regression analy-
sis model, PNI did not predicted OS in univariate group
(HR = 1.88, 95% CI 0.95-3.75, p = 0.072) (Table 2).

3.6 | Association between PNI and
ORR/DCR

Four studies'”'®*** explored the influence of PNI and
ORR, and a significant relationship between PNI and ORR
was observed (RR = 0.47, 95% CI: 0.29-0.78, p = 0.003;
I* = 0%)(Figure 6A). Similarly, two studies'®*' explored
the influence of PNI and DCR, but no significant relation-
ship between PNT and DCR was observed (RR = 0.49, 95%
CI: 0.20-1.16 p = 0.103; I* = 0%)(Figure 6B).

4 | DISCUSSION
Calculated based on serum albumin and total lympho-
cyte count, PNI is an easily obtained variable and reflects
not only the nutritional status, but also the immune sta-
tus. Since reported in the 1980s,"* PNI has been proven
significantly associated with the long-term survival and
treatment responses in various cancers. Currently, stud-
ies have explored the prognostic value of PNI in cancers
receiving PD-1/L1 inhibitors. However, no consensus
has been reached regarding the prognostic role of PNI in
this subject thus far; as far as we knowledge, our meta-
analysis is the first to assess the prognostic value of PNI
in advanced cancer patients receiving PD-1/L1 inhibitors.
We included nine studies with 660 advanced or inop-
erable cancer patients received PD-1/L1 inhibitors treat-
ment. To reduce heterogeneity, we excluded studies in

Study %
D ES (95% Cl) Weight
Guven DC et al. - 2.07 (1.35,3.16) 32.36

Ishiyama Y et al.
Kim J H et al.
Matsubara T et al.

Namikawa T et al.

—

o

5.35(2.21,12.60) 7.74
5.02 (1.21, 20.76) 2.90

S
> 7.28(0.92, 57.40) 1.37

1.39(0.58,3.34) 7.65

Peng L etal —— 2.79 (1.57,4.95) 17.82
Takuto S et al. —— 2.15(0.57,8.11) 3.33
Watanabe H et al. —_ 2.40(1.38,4.15) 19.41
Zaitsu J et al. —_— 0.93(0.38,2.24) 7.42

Overall (I-squared = 33.0%, p = 0.154)

9

2.31(1.81,2.94) 100.00

Study %

ID ES (95% Cl) Weight
Guven DC et al. — 1.66 (1.13,2.45) 32.64
Ishiyama Y et al. " 246 (1.11,5.06) 8.43
Kim J H et al. —‘—0—) 4.07 (1.29, 12.90) 3.66
Namikawa T et al. -0— 1.18(0.51,2.74) 6.84
Peng L et al — 1.92(1.20,3.17) 20.59
Takuto S et al. 2.10(0.75,5.93) 4.54
Watanabe H et al. —=— 1.56 (0.95,2.56) 19.70
Zaitsu J et al. — 0.98 (0.31,3.13) 3.61
Overall (I-squared = 0.0%, p = 0.638) <> 1.75(1.40,2.18)  100.00

T
A 0174

57.4

T
B 0775

T
1 129

FIGURE 2 Forest plot for the association between PNI and (A) overall survival (OS), (B) progression-free survival (PFS)
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FIGURE 3 Sensitivity analysis for the association between PNI and (A) overall survival, (OS) and (B) progression-free survival (PFS)
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FIGURE 5 Begg's test for (A) overall survival (OS) and (B) progression-free survival (PFS)

which patients received combined therapy and included ~ between low PNI and OS,"”**** while the other four did

studies in which patients received PD-1/L1 inhibitors. not reach statistical significance. Eight studies'®'7'%"*
All nine studies reported OS data directly regarding the reported PFS data directly. Pooled results revealed that
prognostic value of PNI in advanced or inoperable can- a low PNI acted as a negative prognostic factor for both

cer. Among them, five revealed a significant association OS (HR = 2.32) and PFS (HR = 1.75). Before us, PNI
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TABLE 2 Results of subgroup analysis for impact of PNI on overall survival
Heterogeneity
Subgroup analysis Number of studies Pooled HR( 95% CI) p value P (%) Ph
Total 9 2.31(1.81, 2.94) 0.000 33.0 0.154
Cut off value
>45 4 2.36(1.70, 3.27) 0.000 0 0.600
<45 5 2.25(1.57,3.23) 0.000 60.2 0.040
Sample size
=100 3 2.33(1.74,3.11) 0.000 0 0.704
<100 6 2.27(1.46, 3.52) 0.000 55.5 0.047
Country
Japan 6 2.21(1.55, 3.15) 0.000 50.3 0.074
Others 3 2.40(1.72, 3.34) 0.000 0 0.410
Cox regression analysis model
Univariate 3 1.88(0.95, 3.75) 0.072 6.3 0.344
Multivariate 6 2.38(1.84, 3.08) 0.000 47.0 0.093
Cancer type
NSCLC 3 2.16(1.35, 3.45) 0.001 64.1 0.062
Other cancers 6 2.37(1.78, 3.14) 0 20.2 0.281
Abbreviations: HR, hazard risk; 95% CI: 95% confidence interval; Ph, p value of Q test for heterogeneity test; NSCLC, non-small cell lung cancer; PNI,
prognostic nutritional index.
Study % Study %
D RR(95% Cl)  Weight
ID RR (95% Cl)  Weight

Watanabe H, et al. 0.48 (0.14, 1.68) 20.55

Zaitsu J, et al. 0.47 (0.26, 0.83) 60.48

Ishiyama Y et al 0.47 (0.12, 1.78) 18.98

i (Excluded) 0.0

Overall (l-squared = 0.0%, p = 0.999)<>

Matsubara T et al.

0.47 (0.29, 0.78) 100.00

Ishiyama Y et al. 0.43 (0.15, 1.19)79.35

Matsubara T et al.

Overall (I-squared = 0.0%, p = 0 6‘6<>>

0.71 (0.13, 3.72)20.65

0.49 (0.20, 1.16)100.00

T
A 124 1 8.06

T r
B 134 1 7.46

FIGURE 6 Forest plot for the association between PNI and objective regression rate (ORR) and (B) disease control rate (DCR)

was shown to act as a significant prognostic factor in
different kinds of cancer receiving chemotherapy, sur-
gery, and radiotherapy.””*® While no studies have com-
prehensively summarized the prognostic value of PNI in
patients receiving PD-1/L1 inhibitors, our meta-analysis
has substantially increased the evidence on this topic.
After combining four articles that explored the influ-
ence of PNI and ORR and two that explored the associa-
tion between PNI and DCR, meta-analysis revealed that
a low PNI was associated with a low ORR (RR = 0.47,
p = 0.003) but no association with DCR (RR = 0.49,
p = 0.103). These opposing results between treatment
responses could be explained by the limited study num-
bers, and we believe that the results will change with

more studies reported in the future. Another study by
Kim et al.** reported no relationship between baseline
PNI and DCR after multivariate logistic analysis with an
OR = 0.17 (95% CI: 0.03-1.11). We did not include this
study in the DCR analysis because no detailed treatment
response information between patients with high or low
PNI was provided in the original article. Accordingly,
low PNI was significantly associated with poor survival
outcomes as well as inferior ORR in patients undergoing
PD-1/L1 inhibitors treatment.

PNI reflects both the patients’ nutritional and immune
status as it is derived from peripheral serum albumin and
lymphocyte. Studies have shown that serum albumin and
lymphocytes are independent prognostic risk factors for
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cancer patients. On the one hand, the low PNI is expected
to detect malnutrition and is proposed to be pathogenic in
the development of cancer-associated malnutrition, lead-
ing to poor performance and increased mortality.” Patients
with poor nutritional conditions tend to have a poor im-
mune environment, but low serum albumin does not cor-
relate with protein-energy malnutrition, and it indicates a
high metabolic risk and prediction of cancer morbidity and
mortality.” On the other hand, circulating effector cells are
the basis for producing natural and therapeutic-induced
anticancer responses. CD8+ T and NK cells directly or indi-
rectly recruit adaptive immune cells by producing chemo-
kines and stimulating antigen-presenting cells to trigger
effective cancer immune monitoring.***? Lymphocytes can
also migrate though tissues and infiltrate the tumor micro-
environment to change the tumor microenvironment and
prevent the occurrence and recurrence of tumors.” Low
lymphocyte count may be related to the preexisting immu-
nosuppressive condition, indicating that the host immune
response is insufficient. In addition, a low lymphocyte
count may be the result of lymphocyte cytokines produced
by lymphoma cells, which may be drug-resistant.**

Many factors such as Glasgow Prognostic Score, NLR,
PLR, body mass index, and C-reactive protein have been
reported to reflect the immune or nutrition status.*® While
contradictions often exist when these markers were applied
in clinical practices, for that the value of one marker was
often evaluated in certain circumstance for the restricted
applicability. There still lacks efficient and widely available
factors in monitoring the immune-nutrition conditions.
Besides, along with the widely application of PD-1/L1 in
cancer patients, factors in the immune-nutrition field in
predicting treatment response as well as long-term sur-
vival were desperately needed. PNI has shown excellent
prospects when comprehensively compared with the other
factors in the background of PD-1/L1 treatment.***’

Some limitations should not be ignored in interpreting
our results. First, the retrospective observational property
of all the included articles and limited sample size led to
the decline in the level of evidence. Second, not all of the
survival analyses were conducted by multivariate analy-
sis; thus, some confounding factors may exist. Third, het-
erogeneity was another issue that should be addressed
because most studies were from Asian countries, and eth-
nic bias may exist. Furthermore, the PNI cutoff values var-
ied between 31.1 and 48 in our meta-analysis, which may
significantly increase clinical heterogeneity. Last but not
least, there were significant differences in cancer types,
types and lines of PD-1/L1 inhibitors in different studies,
which may lead to significant clinical heterogeneity. Due
to insufficient data available in the original article, we
were unable to further conduct subgroup analysis based
on PD-1/L1 inhibitor subtypes and cancer types.
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5 | CONCLUSION

In conclusion, low PNI was significantly associated with
reduced long-term survival and treatment responses in
patients with advanced cancer treated with PD-1/L1
inhibitors. Therefore, PNI can be used as an auxiliary
tool to predict prognosis and identify high-risk patient
receiving PD-1/L1 inhibitors. More well-designed and
large sample studies are urgently needed to verify our
results.
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