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Abstract

, Menglan Zhai, Jinru Yang, Lei Zhao, Zhenyu Lin,

Background: Transient tumor marker elevations caused by chemotherapy were defined as
‘Flare” and have been demonstrated in some solid tumors. In clinical practice, we observed
that some patients were accompanied by elevated tumor markers during treatment, but
subsequent imaging proved that the treatment they received was effective.

Objectives: We aimed to study the Flare and the prognosis in advanced gastric cancer.
Design: This is an observational retrospective study. A total of 167 patients were enrolled

in this study. Carcinoembryonic antigen (CEA), carbohydrate antigen (CA) 19-9 and CA125
values were obtained before the first, second, third, fourth, fifth and sixth cycles of treatment,

respectively.

Methods: Imaging for the first efficacy assessment was reviewed according to the Response
Evaluation Criteria in Solid Tumors 1.1 (RECIST 1.1) criteria. Kaplan-Meier analyses and log-
rank tests were performed for overall survival (0S) analyses. Univariate and multivariate Cox
analyses were used to determine the prognostic factor for OS and progression-free survival

(PFS).

Results: 37.1% of patients were accompanied with at least one tumor marker Flare during
the course of treatment. The median time to tumor marker peak was 24-30days and the
Flare duration lasted 49-53 days. Patients with tumor markers Flare had a worse 0S. Flare
may be associated with the use of 5-fluorouracil. Baseline CEA and CA125 levels were

the independent prognostic factors for 0S and baseline CA125 level was the independent

prognostic factor for PFS.

Conclusion: Initial elevation of tumor markers during treatment is not an indication of tumor
progression. Patients with tumor markers ‘Flare’ may had a worse OS.
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Introduction

The Response Evaluation Criteria in Solid
Tumors 1.1 (RECIST 1.1) criteria more appli-
cable to cytotoxic agents! was an attempt to
assess the chemotherapeutic efficacy. According
to RECIST 1.1 criteria, radiology remains
the optimal recommendation for evaluating the
efficacy of gastric cancer chemotherapy.
However, especially in patients with only bone
or peritoneal metastases, radiology is insensitive

to evaluate the efficacy of the primary lesion of
gastric cancer. Although the changes in iodine
concentration on spectral computed tomogra-
phy (CT)? or tumor volume on CT? may be able
to predict the pathological response of gastric
primary lesion, it has not been extensively vali-
dated. Previous studies have demonstrated
that carcinoembryonic antigen (CEA), CA125
and CA19-9 can improve the accuracy of the
diagnosis of gastric cancer and have prognostic
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significance.#® Furthermore, tumor markers
have been shown to be valuable in predicting the
efficacy of chemotherapy considering the con-
venience.”® Tumor markers often show three
types of changes during the treatment process:
decreasing, increasing and normal. The view-
point that an increasing tumor marker as a pre-
dictor of disease progression and a decreasing
tumor marker as a predictor of disease control is
generally accepted. In clinical practice, however,
we observed that the majority of patients with
elevated tumor markers during the initial treat-
ment did not indicate clinical disease progres-
sion. This phenomenon in other solid tumors
has been demonstrated and has been named the
‘Flare or Surge’.®!° Sikander Ailawadhi ez al
defined CEA Flare as ‘an increase of >20% from
baseline followed by a >20% drop in one or
more subsequent CEA levels compared to base-
line’®. However, the elevated values of other
tumor markers Flare compared to baseline were
not clearly defined. Elevated tumor markers due
to Flare were not the symbol of treatment failure
in either prostate cancer or metastatic colorectal
cancer.10:1L,1417 Therefore, the existence of Flare
may lead us to make erroneous judgments about
the efficacy of the treatment.

In gastric cancer, tumor marker Flare has also
been reported in the literature.?° However, stud-
ies on the ‘Flare’ of carbohydrate antigen 125
(CA125) in gastric cancer are rare and the prog-
nosis for patients with ‘Flare’ is unknown. This
article takes a deeper look at the value of tumor
markers Flare in predicting chemotherapeutic
efficacy, and the relationship between ‘Flare’ and
prognosis in gastric cancer.

Patients and methods

This retrospective study included 167 eligible
patients at Cancer Center, Union Hospital,
Tongji Medical College, Huazhong University of
Science and Technology between June 2017 and
May 2021 (Supplemental Figure 1). CEA,
CA19-9 and CA125 values in peripheral blood
were collected before the first, second, third,
fourth, fifth and sixth cycles of treatment, respec-
tively. The recommended cutoff levels of serum
CEA, CA19-9 and CA125 were 5, 37 and 35 U/mL,
respectively. Treatment response was assessed
radiologically (CT/magnetic resonance imaging)
according to RECIST 1.1 criteria.

Flare phenomenon was defined as a tumor marker
(CEA, CA19-9 or CA125) initially increased from
baseline and then declined during first-line treatment
of gastric cancer. Positive tumor marker referred to
tumor marker with a value of greater than or equal to
recommended cutoff value. Negative tumor marker
referred to tumor marker with a value of less than
recommended cutoff value. Overall survival (OS)
was calculated as the time from diagnosis to the date
of any cause of death and progression-free survival
(PFS) was calculated as the time from diagnosis to
the date of identification of disease progressive.

Survival curves of different groups were estimated
and compared by Kaplan—Meier method and log-
rank test using Medcalc software at a significance
level of p<<0.05. Categorical variables were com-
pared using y? and Fisher’s exact tests in IBM
SPSS 26.0 version. Univariate and multivariate
Cox model analyses were used to identify inde-
pendent prognostic factors affecting OS and PFS
among numerous clinical factors. To analyze
independent prognostic factors, univariate Cox
regression analysis was first performed with each
variable and variables with p value <0.2 were
selected. Multivariate Cox regression analysis
using enter selection was performed, and the
independent prognostic variables of OS and PFS
were then determined. The reporting of this study
conforms to the STROBE statement.

Results

Patient clinical features

The median follow-up was 14.9 [95% confidence
interval (CI): 13.2-16.6] months. The average
age of 167 patients was 56.6years. In all, 73
patients were males and 94 were females. Lung,
bone, liver, lymph nodes and peritoneal metasta-
ses accounted for 9.0% (15/167), 6.6% (11/167),
25.7% (43/167), 56.3% (94/167) and 28.1%
(47/167), respectively. Treatment regimens con-
taining oxaliplatin, Teggio, 5-fluorouracil and
capecitabine in ratios of 84.4% (141/167), 45.5%
(76/167), 27.5% (46/167) and 21.6% (36/167),
respectively (Table 1).

Changes in tumor markers during first-line
treatment

Clinically, we always pay more attention to posi-
tive tumor markers. Therefore, we defined the
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Table 1. Patients characteristics and univariable changes of tumor markers in patients with nega-
analyses of clinical variables in relation to FLARE. tive CEA, CA19-9 and CA125 as normal tumor
markers. Patients with at least one tumor marker
positive was divided into five categories (regard-

Non-Flare Flare y2value  pValue

Age (years) less of negative tumor markers): (1) decrease; (2)
~40 51 25 1.070 0.301 increase; (.3) in?rease after decrease; (4) FLARE:
‘Flare’ exists in at least one tumor marker,

<60 54 37 whether or not accompanied with (1)-(3); and

(5) Other: it cannot be classified as any of the
above. Our study suggests that during the first-
Female 63 31 1.584 0.208 line treatment, 21% (35/167) of patients are neg-
ative for three tumor markers, 30.5% (51/167) of
patients have a continuous decrease in tumor
Lung metastasis markers, 4.8% (8/167) of patients have a progres-
sive upward trend in tumor markers and 37.1%
(62/167) of patients are accompanied with the
No 93 59 ‘Flare’ of at least one tumor marker. There were
70 patients with elevated tumor markers after
treatment, and 88.6% (62/70) of them were

Sex

Male 42 31

Yes 12 3 1.343 0.246

Bone metastasis

Yes 5 6 0.836 0.361 caused by ‘Flare’ and the other eight patients
were due to disease progression (Supplemental
No 100 56 Figure 2)

Liver metastasis

Yes 23 20 2.186 0.139 Relationship between changes in tumor
No 82 42 markers and response to systemic therapy
. Among the 51 patients with continuous decrease
Lymph node metastasis of tumor markers, the overall response to treat-
Yes 60 34 0.084 0.772 ment was 94.1% (48/51) [standard deviation
(SD): 52.9%, 27/51; partial remission (PR):
No 45 28 41.2%, 21/51]. Of the 62 patients with ‘Flare’,

93.5% (58/62) could benefit from the treatment
(SD: 67.7%, 42/62; PR: 25.8%, 16/62). All eight

Peritoneal metastasis

Yes 33 14 1.509 0.219 patients (100%) with continuous increase of
No 79 48 tumor markers had radiographic evidence of inef-
fective treatment (Supplemental Figure 2).
Oxaliplatin
Yes 88 53 0.083 0.773
CEA Flare
No 17 9 In the biweekly regimen, the peak of CEA Flare
Teggio occurred before the second and third cycles in

57.14% and 42.86% of the patients, respectively.
Yes 50 26 0.508 0.476 In the triweekly therapy, the peak of CEA Flare
occurred before the second and third cycles in
85% and 15% of the patients, respectively. The
5-Fluorouracil Flare peak of CEA emerged at a median of 30
(95% CI: 27-34)days from the beginning of
treatment. The Flare duration was 53 (95% CI:
No 84 37 48-58) days (Tables 2 and 3).

No 55 36

Yes 21 25 8.067 0.005

Capecitabine

Yes 24 12 0.283 0.595 CA125 Flare
The majority of the peaks in CA125 Flare

No 8 >0 appeared before the second cycle for both
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Table 2. The relationship between the timing of CEA, CA199 and CA125 Flare peaks and therapeutic schedule.

Therapeutic schedule Pre-C2 (%) Pre-C3 Pre-C4
CEA (n=27) 2w (n=7) 4 (57.14) 3(42.86) 0

3w (n=20) 17 (85) 3 (15%) 0
CA125 (n=32) 2w (16) 12 (75) 4 (25%) 0

3w (n=16) 14 (87.5) 2 (12.5%) 0
CA19-9 (n=21) 2w (n=9) 7 (70) 2 (20%) 1(10%)

3w (n=11) 8(72.73) 3(27.27%) 0

2w, biweekly treatment; 3w, triweekly treatment; CA, carbohydrate antigen; CEA, carcinoembryonic antigen; Pre-C2,
before the second cycle of treatment; Pre-C3, before the third cycle of treatment; Pre-C4, before the fourth cycle of

treatment.

Table 3. The median time of peak and duration of CEA, CA19-9 and CA125

Flare.
The median time of Flare Duration of Flare
peak (95% ClI, days) (95% Cl, days)
CEA 30 (27-34) 53 (48-58)
CA125 28 (23-33) 52 (42-58)
CA19-9 24 (21-32) 49 (37-54)

CA, carbohydrate antigen; CEA, carcinoembryonic antigen; Cl, confidence interval.

biweekly (75%) and triweekly treatment (87.5%).
The emergence of the CA125 Flare median time
was 24 (95% CI:. 21-32)days and the CA125
Flare lasted a median 52 (95% CI: 42-58) days
(Tables 2 and 3).

CA19-9 Flare

Similar to CEA and CA125, CA19-9 Flare was
most frequently observed before the second cycle
of treatment, with only one patient having a Flare
peak before the fourth cycle. The median time
to peak and duration of CA19-9 Flare was 24
95% CI: 21-32)days and 49 (95% CI: 37—
54) days, respectively (Tables 2 and 3).

Influencing factors of ‘Flare’

Using y? test, the associations in age, gender,
lung, bone, liver, lymph node or peritoneal metas-
tasis in the ‘Flare’ group wersus the ‘Non-Flare’
group were not be observed. There were no sig-
nificant differences in the use of Teggio,

oxaliplatin or capecitabine between ‘Flare’ group
and the ‘Non-Flare’ group. However, the use of
5-fluorouracil was associated with ‘Flare’
(p=0.004) (Table 1).

‘Flare” and prognosis

For the total cohort, the median OS and PFS
were 16.4 (95% CI: 14.4-18.4) months and 8.1
(95% CI: 6.7-9.4) months, respectively. Further-
more, the absence or presence of any of the tumor
markers Flare in CEA, CA19-9 and CA125 was
associated with OS [17.9 oversus 12.1months,
p»=0.0238, hazard ratio (HR): 0.58, 95% CI:
0.36-0.94]. Although there was a benefit in PFS
for patients without FLARE, there was no statis-
tically  significant  differences (8.9  wersus
7.1months, p=0.2038).

In addition, we analyzed the three tumor markers
separately and excluded the interference of the
other two tumor markers Flare. For CEA and
CA125, the occurrence of ‘Flare’ was associated
with reduced OS (CEA: 17.9 versus 8.4 months,
p»=0.0411, HR: 0.44, 95% CI. 0.20-0.99;
CA125: 17.9 versus 11.6 months, p=0.0297, HR,
0.49, 95% CI: 0.26-0.95). No differences in PFS
between patients with ‘Flare’ and without ‘Flare’
were observed. There were no significant differ-
ences between OS/PFS and ‘Flare’ for CA19-9
(Figure 1).

Prognostic factors associated with 0S and PFS
Survival analyses of the total cohort were per-
formed for the following 10 criteria: (1) Flare,

journals.sagepub.com/home/tag
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(2) Age, (3) Sex, (4) Lung metastasis, (5) Bone
metastasis, (6) Liver metastasis, (7) Lymph node
metastasis, (8) Baseline CEA, (9) Baseline CA19-
9, (10) Baseline CA125. Univariate Cox regres-
sion showed that three variables (Flare, baseline
CEA level =5ng/mL and baseline CA125 level
=35U/mL) were significant prognostic factors
for OS; one variable (baseline CA125 level
=35U/mL) was significant prognostic factor for
PFS. Multivariate Cox regression using enter
regression techniques was performed with the
variables (p <0.2) that showed that baseline CEA
level =5ng/mL (HR: 0.912, 95% CI: 0.561—
1.483) and baseline CA125 level =35 U/mL (HR:
1.714, 95% CI: 1.055-2.783) were selected as
the independent factor for OS and baseline
CA125 level =35U/mL (HR: 1.726, 95% CI:
1.170-2.548) was chosen as the independent fac-
tor for PFS (Table 4).

Survival analyses of the Flare cohort were per-
formed for the following nine criteria: (1) Age, (2)
Sex, (3) Lung metastasis, (4) Bone metastasis,
(5) Liver metastasis, (6) Lymph node metastasis,
(7) Baseline CEA, (8) Baseline CA19-9 and (9)
Baseline CA125. Univariate Cox regression and
multivariate Cox regression showed that none
of the nine included variables was a significant
prognostic factor for OS. Baseline CA125 level
=35U/mL (HR: 2.243, 95% CI: 1.106-4.547)
was significant prognostic factors for PFS.
However, multivariate Cox regression could not
be performed due to the lack of sufficient signifi-
cant variables (Supplemental Table 1).

Discussion

It is commonly believed that there is a consistency
between the elevation of tumor markers and dis-
ease progression during chemotherapy. However,
this viewpoint is untenable in some solid tumors
due to the ‘Flare’. 11.1-15% of patients with
advanced colorectal cancer will develop CEA
surge during chemotherapy,?12:1417 three of these
studies analyzed the relationship between Flare
and chemotherapy efficacy and showed that
100% CEA Flare patients had radiological confir-
mation of disease control. In prostate cancer,
chemotherapy caused prostate-specific antigen
(PSA) Flare in 11-18% of patients,”-81221 and in
Avishay Sella’s study, 87.5% of the patients who
presented with PSA Flare were able to benefit
from chemotherapy. This suggested that the pres-
ence of Flare did not mean therapeutic failure, on

the contrary, most patients can benefit from
chemotherapy. Ineffective treatment is not only a
waste of resources, but also bring irreversible
physical damage to patients, so it is extremely
important to properly assess the effectiveness of
treatment. In this study, 37.1% of patients could
be seen to have at least one tumor marker surge
and of these patients, approximately 90% were
confirmed to have a clinical response. The median
time to tumor marker peak was 24-30 days (CEA:
30days, CA19-9: 24days, CA125: 28days) and
the surge duration lasted 49-53days (CEA:
53 days, CA19-9: 49days, CA125: 52days). In
addition, 57.1-87.5% of tumor markers surge
occurred before the second cycle treatment.
Therefore, we should be cautious about the initial
elevation of tumor markers during first-line
chemotherapy for gastric cancer, especially for
patients receiving biweekly regimens.

It is reported that depression and anxiety were
detected in 24.5 and 27.7% of gastric patients,
respectively.22 Unfortunately, the quality of life of
anxious patients is inferior to that of anxious-free
patients.?3 Likewise, negative emotions such as
depression can lead to poor prognosis and
decreased compliance in cancer patients.2* Most
patients have a weak understanding of the ‘Flare’
and often deem that elevated tumor markers are
equivalent to ineffective treatment, which will
exacerbate the level of patient distress and
increase the prevalence of anxiety. Therefore,
helping patients to correctly recognize the initial
elevation of tumor markers during chemotherapy
can inhibit the growth of adverse emotions in
patients.

In prostate cancer, there was no statistical differ-
ence in OS between the Flare and non-Flare
groups.!0%:11:15 CEA Flare was a favorable prognos-
tic factor, and the CEA Flare group had better OS
(median 17.7 months wversus 10.9 months), PFS
(median 8.3 months versus 3.1 months) and ORR
(73% wversus 11%) compared to the CEA elevated
group in advanced colorectal cancer.'? However,
alpha fetoprotein (AFP) Flare is an adverse prog-
nostic factor for patients with non-seminomatous
testicular cancer!3. In this study, patients with
tumor markers surge had a worse OS (median OS:
17.9months wversus 12.1months, p=0.0238).
Although patients with tumor markers surge had a
worse PFS, there was no statistical difference. For
the total cohort, baseline CEA and CA125 levels
were the independent prognostic factors for OS
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Table 4. Univariate and multivariate cox model analyses of clinicopathological characteristics for 0S and PFS (all patients).

Prognostic 0s PFS
factor
Univariate Multivariate Univariate Multivariate
pValue HR(95% Cl) pValue HR(95% Cl) pValue HR(95% CI) pValue HR(95% Cl)
Flare
Yes 0.026 1.719 (1.068-2.768)  0.481 1.208 (0.714-2.042)  0.207 1.286 (0.870-1.901)
No 1 1
Age (years)
=60 0.947 1.017 (0.625-1.654) 0.685 1.083 (0.737-1.589)
<60 1 1
Sex
Female 0.743 0.923 (0.574-1.485) 0.883 0.972 (0.665-1.421)
Male 1 1
Lung metastasis
Yes 0.442 0.699 (0.280-1.741) 0.745 0.901 (0.481-1.688)
No 1 1
Bone metastasis
Yes 0.162 1.750 (0.799-3.830)  0.130 1.870 (0.831-4.207)  0.426 1.340 (0.651-2.759)
No 1 1
Liver metastasis
Yes 0.481 1.214(0.708-2.084) 0.416 1.193 (0.780-1.826)
No 1 1
Lymph node metastasis
Yes 0.862 1.055 (0.656-1.696) 0.441 0.862 (0.592-1.257)
No 1 1
Baseline CEA
=5 0.008 1.930(1.187-3.140)  0.016 1.903 (1.129-3.208)  0.086 1.400 (0.953-2.057)  0.065 1.448 (0.977-2.148)
<5 1 1
Baseline CA19-9
=37 0.710 0.912 (0.561-1.483) 0.738 1.068 (0.728-1.566)
<37 1 1
Baseline CA125
=35 0.029 1.714(1.055-2.783)  0.043 1.676 (1.016-2.766)  0.005 1.730 (1.178-2.543)  0.006 1.726 (1.170-2.548)
<35 1 1

CA, carbohydrate antigen; CEA, carcinoembryonic antigen; Cl, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
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and baseline CA125 level was the independent
prognostic factor for PFS. We tried to explore the
reasons for the appearance of tumor markers
surge, but ultimately found that it was independ-
ent of age, sex and metastases in lung, bone,
liver, lymph nodes or peritoneum. We conjecture
that ‘Flare’ may be related to tumor burden, but
we were unable to verify this conjecture due to
the limitations of measuring the overall tumor
burden of the patients. In patients with advanced
colorectal cancer who develop CEA Flare, 70%
receive oxaliplatin-based regimens and 99%
receive fluoropyrimidine-based regimens.? In
addition to this, irinotecan can also cause CEA
Flare.!* In our cohort, tumor marker Flare was
triggered by the use of 5-fluorouracil in gastric
cancer patients, whereas oxaliplatin, Teggio and
captabine did not. 5-Fluorouracil induced the
expression of CEA mRNA which may be the rea-
son of CEA Flare.?526

With the announcement of CheckMate-649 clini-
cal trial result, immune checkpoint inhibitors
have made a new breakthrough in gastric cancer,
bringing new hope to more gastric cancer
patients.?” In the National Comprehensive
Cancer Network guidelines, nivolumab plus
chemotherapy is recommended as the optimal
first-line therapy for patients with gastric cancer
with programmed death ligand-1 combined posi-
tivity score =5. Due to the scarcity of samples of
patients receiving immunotherapy in first-line
treatment, however, we did not verify the ‘Flare’
separately in this cohort. Nevertheless, the signifi-
cance of Flare phenomenon in immunotherapy
deserves further study.

Conclusion

In conclusion, our study shown that initial eleva-
tion of tumor markers during first-line treatment
in gastric cancer is not an indication of tumor
progression. Elevation of the initial tumor marker
cannot be used as evidence for a change in treat-
ment regimen. At the same time, patients with the
tumor marker Flare had a worse OS.
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