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C-reactive protein kinetics as a predictive marker for long-term
outcome of immune checkpoint inhibitors in oesophagogastric
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BACKGROUND: The treatment efficacy of immune checkpoint inhibitors (ICIs) is limited, and biomarkers that identify responders
are urgently needed. We investigated whether C-reactive protein (CRP) kinetics are associated with the treatment efficacy of ICIs
and prognosis in oesophagogastric cancers.
METHODS: We analysed 76 gastric cancer patients treated with nivolumab monotherapy. Patients were classified as CRP-spike,
CRP-flat or CRP-increase according to CRP kinetics within 6 weeks after nivolumab initiation, and the treatment response and
prognosis were compared. We further validated this classification in 71 oesophageal cancer patients with nivolumab monotherapy.
RESULTS: In the gastric cancer cohort, the CRP-spike, CRP-flat, and CRP-increase subgroups included 9, 37 and 30 patients,
respectively. The CRP-spike subgroup had higher disease control rates than the CRP-increase subgroup (P= 0.0068) and had
significantly better progression-free survival (PFS) (vs. CRP-flat: P= 0.045, CRP-increase: P= 0.0001). Multivariate analysis for PFS
identified CRP-spike (HR= 0.38, P= 0.029) as an independent favourable prognostic factor. In the oesophageal cancer cohort, the
CRP-spike, CRP-flat, and CRP-increase subgroups included 13, 27 and 31 patients, respectively, and multivariate analysis for PFS also
identified CRP-spike (HR= 0.28, P= 0.0044) as an independent favourable prognostic factor.
CONCLUSIONS: CRP kinetics may be useful in predicting the long-term outcome of nivolumab treatment in oesophagogastric
cancers.

BJC Reports; https://doi.org/10.1038/s44276-023-00005-x

INTRODUCTION
Immune checkpoint inhibitors (ICIs) have demonstrated anti-
tumour responses in cancer patients and are currently approved
for various types of cancer, including oesophagogastric cancers
[1–3]. Anti-programmed cell death (PD)-1 monotherapy was used
in Japan several years ago as third-line or later treatment of gastric
cancer and as second-line or later treatment of oesophageal cancer
[4, 5]. Currently, the combination of anti-PD-1 treatment and
chemotherapy is the first-line treatment for recurrent or unresect-
able gastric or oesophageal cancer, and the importance of ICIs has
been increasing in the treatment of oesophagogastric cancers
[6–11]. Although a significant number of patients benefit from ICIs,
the clinical efficacy is limited to a small percentage of patients.
Therefore, extensive efforts are underway to identify biomarkers
that can predict treatment responses and prognosis [12–16].
The acute phase reactant, C-reactive protein (CRP), is widely used

as a clinical marker of systemic inflammation. In terms of the
prognostic relevance of CRP, high serum CRP levels before surgery
correlate with poor prognosis in various types of cancer [17–19].
Similarly, in ICI treatment, high CRP levels before treatment are
associated with poor prognosis in cancer patients [20–24], whereas
elevated CRP levels within 1 week after ICI initiation predict

favourable treatment efficacy and prognosis in patients with non-
small cell lung cancer [25]. Thus, high serum CRP levels at baseline
correlate with poor prognosis, whereas increased CRP levels after ICI
initiation correlate with better prognosis. Therefore, the combination
of serum CRP kinetics before and after ICI initiation could be used as
a biomarker for predicting the treatment response and prognosis. As
anti-PD-1 monotherapy is administered every 2 weeks and imaging
performed every 6–8 weeks, we attempted to establish criteria to
predict the treatment response and prognosis by CRP kinetics within
6 weeks after ICI initiation, before imaging is performed.
Here, we aimed to investigate whether a new definition of CRP

kinetics after ICI initiation is associated with a better treatment
response and prognosis in two independent cohorts of patients
with oesophagogastric cancer.

METHODS
Study design and patients
We retrospectively analysed 76 patients with histologically confirmed
gastric adenocarcinoma who were refractory to standard therapy and
underwent anti-PD-1 treatment (nivolumab) alone between 2017 and 2022
at Osaka University Hospital (Osaka, Japan) as the discovery cohort. They
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had received at least two or more lines of systemic chemotherapy and had
no previous ICI treatment. We further analysed 71 patients with
histologically confirmed oesophageal squamous cell carcinoma treated
with nivolumab alone between 2014 and 2022 at Osaka University Hospital
as the validation cohort. They had received at least one line of systemic
chemotherapy and had no previous ICI treatment. Our new definition of
CRP kinetics was tested to predict treatment efficacy and prognosis in the
two cohorts. A physical examination and laboratory tests were performed
at baseline, before the initiation of nivolumab, and then at least every
2 weeks during nivolumab treatment. The patients received 3mg/kg
nivolumab every 2 weeks in 6-week cycles, but the intervals depended on
the patient’s condition. Treatment was continued until disease progres-
sion, death, unacceptable toxic effects, or a patient’s request to
discontinue. Those who died by 6 weeks after nivolumab administration
were not included in either cohort. All patients provided written informed
consent according to the guidelines of the Declaration of Helsinki. The
study was approved by the Institutional Ethics Committee of Osaka
University Hospital (Osaka, Japan, approval number 08226).

Serum lab values
Serum CRP levels were analysed at baseline and weeks 1, 2, 4 and 6 after
nivolumab initiation, as well as baseline serum levels of haemoglobin, lactate
dehydrogenase (LDH), and albumin and the neutrophil-to-lymphocyte ratio
(NLR). Based on previous reports, the cut-off for baseline CRP levels was set
at 1.0mg/dL [20, 24, 26]. Other measures were categorised into two groups
based on the median value as the cut-off for statistical analysis.

Definition of CRP kinetics
Patients were divided into the following three groups based on their CRP
kinetics within 6 weeks after nivolumab initiation: CRP-spike, CRP-flat and
CRP-increase. “CRP-spike” was defined as an increase in the CRP level more
than twofold from baseline and >1.0 mg/dL within 4 weeks after
nivolumab initiation, followed by a decrease of <1.0 mg/dL within 6 weeks.
“CRP-flat” was defined as maintenance of the CRP level at <1.0mg/dL or
decreased from being >1.0 mg/dL to being <1.0 mg/dL during the entire
period from before to 6 weeks after nivolumab initiation. All other patients
were classified as “CRP-increase”.

Assessment of treatment efficacy
Tumour responses were assessed by computed tomography (CT) approxi-
mately every 6 weeks and defined according to the Response Evaluation
Criteria in Solid Tumours (RECIST), version 1.1 [27], based on the results of CT
examinations using the following categories: complete response (CR), partial
response (PR), stable disease (SD) and progressive disease (PD). The best
overall response was determined based on the results of two CT scans from
the start of nivolumab treatment. Patients who could not undergo the first CT
for the evaluation of treatment efficacy due to disease progression or death
were judged as having PD. Disease control rate (DCR) was defined as the
percentage of patients with CR, PR and SD. The overall response rate (ORR)
was defined as the percentage of patients with CR and PR. Progression-free
survival (PFS) was defined as the time from nivolumab initiation to either
disease progression or death from any cause. Overall survival (OS) was
defined as the time from nivolumab initiation to death from any cause.

Statistical analysis
Differences between the two or three groups were analysed using Fisher’s
exact test, Pearson’s chi-squared, or the Kruskal–Wallis test as appropriate.
Tumour responses among the groups were compared using Fisher’s exact
test. Survival curves were calculated using the Kaplan–Meier method, and
differences were assessed using the Log-rank test. Univariate and multi-
variate Cox proportional hazards regression analyses were carried out
concerning PFS and OS after nivolumab initiation. Variables with P < 0.1 in
the univariate analysis were included in the multivariate model. Some
missing data for histology and HER2 status were excluded from the analysis.
A value of P < 0.05 was considered significant. All statistical analyses were
performed using JMP Pro 14 Discovery™ (SAS Institute Inc., Cary, NC, USA).

RESULTS
Patient characteristics
The baseline characteristics of patients with gastric cancer
are summarised in Table 1a. The median age was 68.5 years,

59 patients (77.6%) were male, and 55 patients (72.4%) had an
Eastern Cooperative Oncology Group (ECOG) performance status
(PS) score ≥1. Gastrectomy was performed in 44 patients (57.9%).
The baseline characteristics of patients with oesophageal cancer

are summarised in Table 1b. The median age was 70 years, 57
patients (80.3%) were male, and 15 patients (21.1%) had PS scores
≥1. Radiation therapy and oesophagectomy had been performed
in 45 (63.4%) and 48 patients (67.6%), respectively.

CRP kinetics and clinical response in gastric cancer
The CRP kinetics before and after nivolumab treatment in the
gastric cancer cohort is shown in Fig. 1a. The CRP-spike, CRP-flat
and CRP-increase subgroups included 9 (11.8%), 37 (48.7%) and 30
(39.5%) patients, respectively. Patient characteristics in each group
are summarised in Table 1a. Patients characterised as CRP-spike
had better ECOG-PS (P= 0.018) and lower baseline NLR (P= 0.012)
than those characterised as CRP-increase. Patients characterised as
CRP-spike had significantly higher baseline CRP levels than those
characterised as CRP-flat (P= 0.0024). There were no significant
differences in the other background factors between patients
characterised as CRP-spike and those with the other groups.
The best overall response was PR in 2 (22.2%), SD in 2 (22.2%),

and PD in 5 (55.6%) in the CRP-spike subgroups; PR in 3 (8.1%), SD
in 10 (27.0%), and PD in 24 (64.9%) in the CRP-flat subgroup; and
PR in 0 (0%), SD in 1 (3.3%), and PD in 29 (96.7%) in the CRP-
increase subgroup. The DCR was 44.4%, 35.1%, and 3.3% for the
CRP-spike, CRP-flat, and CRP-increase subgroups, respectively, and
the ORR was 22.2%, 8.1%, and 0%, respectively (Fig. 1b). Patients
characterised as CRP-spike had significantly better DCR and ORR
than those characterised as CRP-increase (P= 0.0068 and
P= 0.049, respectively).

CRP kinetics and survival in gastric cancer
The median follow-up was 7.6 months (range, 1.4–69.5 months).
Median PFS was 4.7, 3.6 and 1.5 months, and median OS was 28.8,
12.8 and 3.4 months in patients characterised as CRP-spike, CRP-
flat and CRP-increase, respectively. Patients characterised as
CRP-spike had significantly better PFS (vs. CRP-flat, P= 0.045; vs.
CRP-increase, P= 0.0001) and OS (vs. CRP-flat, P= 0.047; vs. CRP-
increase, P= 0.0024) than the other subgroups (Fig. 2a, b).
We performed a univariate analysis with possible affecting

factors for treatment efficacy from previous reports; patient’s
backgrounds including PS, pathological factors (histology, HER2
status), treatment history (previous surgery, radiation therapy), and
pre-treatment blood markers (LDH, Haemoglobin, NLR, Albumin,
CRP) as well as metastatic sites (liver metastasis, number of
metastatic organs). In a univariate analysis for PFS, PS 0
(P= 0.0087), lower baseline NLR (P= 0.027) and CRP-spike
(P= 0.0074) were the significant favourable prognostic factors
(Table 2a). Multivariate analysis for PFS identified CRP-spike (hazard
ratio [HR] 0.38, 95% confidence interval [CI] 0.16–0.91; P= 0.029) as
the independent favourable prognostic factor, as well as PS 0 (HR
2.17, 95% CI 1.25–3.75; P= 0.0057) and lower baseline NLR (HR
1.80, 95% CI 1.11–2.92; P= 0.017). In a univariate analysis for OS, PS
0 (P= 0.011), lower NLR (P= 0.037), and CRP-spike (P= 0.018) were
the significant favourable prognostic factors. In multivariate
analysis for OS, lower NLR (HR 1.74, 95% CI 1.03–2.93; P= 0.039)
was the independent favourable prognostic factor, and CRP-spike
(HR 0.44, 95% CI 0.18–1.08; P= 0.072) showed a trend toward
favourable prognosis (Supplemental Table 1a).

CRP kinetics and clinical response in oesophageal cancer
The CRP kinetics before and after nivolumab treatment in the
oesophageal cancer cohort is shown in Fig. 3a. The CRP-spike,
CRP-flat and CRP-increase subgroups included 13 (18.3%), 27
(38.0%) and 31 (43.7%) patients, respectively. Patient character-
istics in each group are summarised in Table 1b. There were
significant differences in the number of metastatic organs and
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haematological factors, such as baseline haemoglobin, NLR,
albumin, and CRP, among the three groups.
The best overall response was CR in 1 (7.7%), PR in 7 (53.8%), SD

in 3 (23.1%) and PD in 2 (15.4%) in the CRP-spike subgroup; CR in 3
(11.1%), PR in 6 (22.2%), SD in 7 (25.9%) and PD in 11 (40.7%) in
the CRP-flat subgroup; and CR in 0 (0%), PR in 3 (9.7%), SD in 7
(22.6%) and PD in 21 (67.7%) in the CRP-increase subgroup. The
DCR was 84.6%, 59.3% and 32.3% for the patients in the CRP-spike,
CRP-flat, and CRP-increase subgroups, respectively, and the ORR
was 61.5%, 33.3%, and 9.7%, respectively. Patients characterised as
CRP-spike had significantly better DCR and ORR than those
characterised as CRP-increase (P= 0.0024 and P= 0.0008, respec-
tively). We found no significant differences in DCR or ORR between
patients characterised as CRP-spike and CRP-flat (Fig. 3b).

CRP kinetics and survival in oesophageal cancer
The median follow-up was 11.6 months (range, 2.3–103.7 months).
Median PFS was 98.6, 3.4 and 2.0 months and median OS not-yet-
reached, 15.3 and 7.6 months for patients characterised as CRP-
spike, CRP-flat, and CRP-increase, respectively. Patients characterised

as CRP-spike had significantly better PFS (vs. CRP-flat, P= 0.0079; vs.
CRP-increase, P < 0.0001) and OS (vs. CRP-flat, P= 0.048; vs. CRP-
increase, P= 0.0003) than the other subgroups (Fig. 4a, b).
In a univariate analysis for PFS, higher baseline albumin

(P= 0.014), lower baseline CRP (P= 0.0029), and CRP-spike
(P= 0.0006) were the significant favourable prognostic factors
(Table 2b). Multivariate analysis for PFS identified CRP-spike (HR
0.28, 95% CI 0.12–0.68; P= 0.0044) as the only independent
favourable prognostic factor. In a univariate analysis for OS, higher
baseline albumin (P= 0.0065), lower baseline CRP (P= 0.0001) and
CRP-spike (P= 0.007) were the significant favourable prognostic
factors. Multivariate analysis for OS also identified CRP-spike (HR
0.33, 95% CI 0.11–0.97; P= 0.043) as the independent favourable
prognostic factor, as well as low baseline CRP (HR 2.38, 95% CI
1.14–4.96; P= 0.021; Supplemental Table 1b).

DISCUSSION
In this study, we identified and validated new CRP kinetics criteria
within 6 weeks after ICI initiation that predicts treatment response

Table 1. Patient characteristics.

(a) Gastric cancer

Overall
(n= 76)

CRP-spike
(n= 9)

CRP-flat
(n= 37)

CRP-increase
(n= 30)

P value

Age (years) Median 68.5 66 69 68.5 0.67

Sex Male/female 59/17 8/1 30/7 21/9 0.46

ECOG-PS 0/1–2 21/55 4/5 15/22 2/28 0.0020

Histology Differentiated/undifferentiated/
unknown

31/39/6 4/5/0 17/17/3 10/17/3 0.63

HER2 status Positive/negative/unknown 17/48/11 1/7/1 9/23/5 7/18/5 0.85

Liver metastasis Positive/negative 35/41 5/4 18/19 12/18 0.69

Number of metastatic
organs

≤1/ ≥ 2 43/33 6/3 22/15 15/15 0.65

Previous surgery Presence/absence 44/32 6/3 25/12 13/17 0.13

LDH (U/L) Median 214 193 194 226 0.063

Haemoglobin (g/dL) Median 10.6 9.4 10.8 10.3 0.084

NLR Median 2.37 1.62 2.27 3.28 0.0074

Albumin (g/dL) Median 3.50 3.50 3.60 3.30 0.024

CRP (mg/dL) Median 0.36 0.53 0.08 0.71 <0.0001

(b) Oesophageal cancer

Overall
(n= 71)

CRP-spike
(n= 13)

CRP-flat
(n= 27)

CRP-increase
(n= 31)

P value

Age (years) Median 70 66 70 72 0.33

Sex Male/female 57/14 10/3 22/5 25/6 0.94

ECOG-PS 0/1–2 56/15 11/2 24/3 21/10 0.15

Liver metastasis Positive/negative 14/57 1/12 3/24 10/21 0.083

Number of metastatic
organs

≤1/ ≥ 2 36/35 5/8 19/8 12/19 0.037

Previous surgery Presence/absence 48/23 8/5 21/6 19/12 0.38

Previous radiation
therapy

Presence/absence 45/26 9/4 15/12 21/10 0.62

LDH (U/L) Median 175 186.5 173.5 174 0.79

Haemoglobin (g/dL) Median 11.2 11.7 11.2 10.7 0.019

NLR Median 3.65 3.73 2.56 4.42 0.0063

Albumin (g/dL) Median 3.8 3.9 3.9 3.6 0.0002

CRP (mg/dL) Median 0.45 0.3 0.13 1.41 <0.0001

ECOG-PS Eastern Cooperative Oncology Group-Performance Status, HER2 Human epidermal growth factor receptor 2, LDH lactate dehydrogenase (baseline),
NLR neutrophil-to-lymphocyte ratio (baseline), CRP C-reactive protein (baseline).
Factors with P-values less than 0.05 were shown in bold.
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to ICIs and prognosis in oesophagogastric cancers. We found that
patients characterised as CRP-spike had better treatment
responses and prognosis than the other groups. Therefore, we
propose that the evaluation of early CRP kinetics after ICI initiation
should be used as a predictive biomarker of treatment efficacy in
patients with oesophagogastric cancers treated by ICIs.
As the treatment efficacy of ICIs in gastric and oesophageal

cancer is limited, biomarkers for ICI treatment have been
investigated intensively, including PD-L1 expression, microsatellite
instability, tumour mutation burden, and Epstein-Barr virus
infection [28]. Tumour PD-L1 expression is clinically used as a
biomarker in ICI treatment of some types of cancer [29], but the
predictive value of PD-L1 expression remains controversial in
gastric cancer [4, 30–33]. Furthermore, tumour biomarkers are
evaluated using tumour samples, which can be difficult to collect,
especially in recurrent disease, so blood biomarkers may be useful
in terms of sample collection and frequency of collection. To date,
several studies have shown that inflammatory blood biomarkers
predict the treatment efficacy of ICIs [25, 34, 35]. In particular, high
CRP levels before ICI treatment are associated with poor treatment
response and prognosis [20–24]; conversely, elevated CRP levels
within 1 week after ICI initiation predict good treatment efficacy

and prognosis [25]. Furthermore, recent reports have shown that a
CRP flare response, defined as a transient increase in serum CRP
levels after ICI initiation followed by a subsequent decrease below
baseline, is associated with better prognosis in renal cell
carcinoma, urothelial carcinoma, and lung cancer [26, 34, 36–38].
However, the definition was calculated with CRP kinetics within
12 weeks after ICI initiation, which is slower than the first imaging
to examine clinical efficacy. To predict the treatment response and
prognosis earlier than the first imaging evaluations, we devised a
new definition of CRP kinetics within 6 weeks after ICI initiation.
The definition predicted the treatment response and prognosis in
two types of cancers. As CRP levels can be measured easily using
clinical blood tests, this new definition of CRP kinetics may be a
useful clinical tool for predicting the treatment response to ICIs.
Although we demonstrated that patients characterised as CRP-

spike had a better treatment response and prognosis, it is unclear
what the CRP elevation and subsequent decrease reflect. In
general, a CRP elevation reflects systemic inflammation caused by
infection or tumour [39–42]. However, transient CRP elevation early
after ICI administration may be caused by the activation of anti-
tumour immunity by the ICI treatment [34]. An inflammatory
cytokine, IL-6, is released by activated dendritic cells, macrophages,

Table 2. Univariate and multivariate analysis for progression-free survival.

(a) Gastric cancer

Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age (years) ≥69/ < 69 1.08 0.68–1.71 0.75

Sex Male/female 0.77 0.44–1.33 0.35

ECOG-PS 1–2/0 2.03 1.20–3.45 0.0087 2.17 1.25–3.75 0.0057

Histology Differentiated/undifferentiated 1.21 0.74–1.97 0.45

HER2 status Positive/negative 1.50 0.85–2.65 0.16

Liver metastasis Positive/negative 0.86 0.54–1.38 0.52

Number of metastatic organs ≥2/ ≤ 1 0.94 0.58–1.52 0.81

Previous gastrectomy Presence/absence 0.70 0.44–1.12 0.14

LDH (U/L) ≥214/ < 214 1.32 0.82–2.13 0.26

Haemoglobin (g/dL) ≥10.6/ < 10.6 0.99 0.62–1.57 0.96

NLR ≥2.37/ < 2.37 1.69 1.06–2.70 0.027 1.80 1.11–2.92 0.017

Albumin (g/dL) ≥3.5/ < 3.5 0.72 0.45–1.14 0.16

CRP (mg/dL) ≥1.0/ < 1.0 1.48 0.83–2.62 0.18

CRP kinetics Spike/others 0.31 0.13–0.73 0.0074 0.38 0.16–0.91 0.029

(b) Oesophageal cancer

Age (years) ≥70/ < 70 1.09 0.65–1.83 0.74

Sex Male/female 1.27 0.65–2.47 0.49

ECOG-PS 1–2/0 1.37 0.74–2.53 0.32

Liver metastasis Positive/negative 1.03 0.54–1.93 0.94

Number of metastatic organs ≥2/ ≤ 1 0.93 0.56–1.55 0.79

Previous surgery Presence/absence 1.28 0.72–2.26 0.40

Previous radiation therapy Presence/absence 0.88 0.52–1.49 0.63

LDH (U/L) ≥175/ < 175 0.87 0.50–1.51 0.62

Haemoglobin (g/dL) ≥11.2/ < 11.2 0.77 0.46–1.27 0.30

NLR ≥3.65/ < 3.65 1.16 0.70–1.94 0.56

Albumin (g/dL) ≥3.8/ < 3.8 0.52 0.31–0.88 0.014 0.78 0.44–1.39 0.39

CRP (mg/dL) ≥1.0/ < 1.0 2.29 1.33–3.96 0.0029 1.83 0.99–3.38 0.054

CRP kinetics Spike/others 0.22 0.095–0.53 0.0006 0.28 0.12–0.68 0.0044

HR hazard ratio, CI confidence interval, ECOG-PS Eastern Cooperative Oncology Group-Performance Status, HER2 Human epidermal growth factor receptor 2,
LDH lactate dehydrogenase (baseline), NLR neutrophil-to-lymphocyte ratio (baseline), CRP C-reactive protein (baseline).
Factors with P-values less than 0.05 in multivariate analysis are shown in bold.
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protein, DCR disease control rate, CR complete response, PR partial response, SD stable disease, PD progressive disease.
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and lymphocytes after ICI administration, and serum IL-6 elevation
early after ICI administration is associated with a favourable
prognosis [25, 35, 43]. As CRP production is stimulated by IL-6, an
increase in CRP levels early after ICI administration may reflect the
activation of immune cells, which can enhance anti-tumour
immunity. However, a subsequent decrease in CRP levels is
considered to represent tumour shrinkage because CRP levels
have been reported to be proportional to tumour size [44]. The
other explanation for the subsequent decrease in CRP levels was
an improved immune status in the tumour microenvironment [36].
On the other hand, patients characterised as CRP-increase had late
CRP elevation, which may represent a tumour-derived exacerba-
tion of inflammation rather than activation of anti-tumour
immunity. Overall, CRP-spike may reflect the early post-treatment
activation of anti-tumour immunity and subsequent tumour
shrinkage. The detailed mechanism underlying CRP-spike will
require further investigation in the future.
In addition to CRP, age, PS, LDH, NLR, and albumin have been

reported to correlate with the treatment efficacy and prognosis of
ICI treatment [22, 34, 37, 45–48]. The present study showed that
CRP-increase is associated with higher PS, LDH, and NLR and lower
haemoglobin and albumin in the gastric cancer cohort, and higher
NLR and lower haemoglobin and albumin in the oesophageal
cancer cohort. In contrast, CRP-spike was associated with lower PS
and NLR in the gastric cancer cohort and higher haemoglobin and
albumin in the oesophageal cancer cohort. Considering these
background factors, CRP kinetics may reflect the baseline host
immunological status before ICI treatment. Thus, patients
characterised as CRP-spike may have a better immunological
status before ICI treatment than those characterised as CRP-flat or
CRP-increase. The ORR of nivolumab monotherapy was reported
to be 11.2% in gastric cancer and 17.2% in oesophageal cancer,
which corresponds to 11.8% and 18.3% of patients characterised
as CRP-spike in this study. Therefore, our definition of CRP kinetics
successfully detected responders to ICI treatment [4, 5].
The present study had several limitations. First, it was a

retrospective study with a relatively small sample size at a single
institution. Therefore, no conclusions can be made. Second, data
from blood tests and histology, including HER2 status, was
deficient for some patients due to the retrospective nature of
the study. The utility of the new definition of CRP kinetics needs to
be validated in a large-scale prospective trial.
In conclusion, CRP kinetics could be useful for predicting the

prognosis of ICI treatment in patients with gastric and oesopha-
geal cancer. Further studies with a larger number of patients and
various cancer types are needed to validate the new CRP kinetics
criteria as a useful biomarker in ICI treatment.

DATA AVAILABILITY
The datasets generated and/or analysed during the current study are available from
the corresponding author on reasonable request.
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