
© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(2):779-789 | http://dx.doi.org/10.21037/tcr-20-2560

Original Article

Dynamic monitoring of serum specific tumor markers predicts 
the response to PD-1 blockade and prognosis of patients with 
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Background: Programmed cell death protein 1 (PD-1) blockade is a major advance in the treatment of 
malignancies, but there remain many problems in efficacy evaluation. The aim of this study was to determine 
whether dynamic monitoring of serum specific tumor markers (SSTMs) could predict the response to PD-1 
blockade and prognosis in patients with malignancies.
Methods: The dynamic changes in SSTMs in 27 patients between January 1, 2018 and July 31, 2019 were 
analyzed retrospectively. The association between the SSTM response and the radiological response was evaluated 
using the χ2 test and Spearman’s correlation analysis. Kaplan-Meier estimates and the log rank test were used to 
explore the correlation of SSTM dynamics with progression-free survival (PFS) and overall survival (OS).
Results: In this study, 85.3% of patients with malignant tumors had detectable SSTM. According to the 
changes of SSTM within the first 12 weeks of treatment, the patients were divided into a tumor marker 
increased group and a tumor marker decreased group. The change in SSTM was strongly associated with the 
change in target lesions (χ2=15.326, P≤0.001), and there was a positive correlation between them (Pearson 
Correlation r=0.727, P<0.0001). Patients with SSTM reduction had a significantly longer median OS  
(417 days) when compared with patients with SSTM elevation (median OS, 235 days; log rank χ2=6.323, 
P=0.012). The PFS in the SSTM reduction group (median PFS, not reached) was significantly longer 
than that in the elevation group (127 days; log rank χ2=8.843, P=0.003). In the study, one patient showed 
pseudoprogression and one showed a delayed response in the initial stage of PD-1 blockade. The diameter 
of the target lesions increased according to the Reaction Evaluation Criteria in Solid Tumor criteria, but the 
symptoms of discomfort were relieved significantly, and the SSTMs continued to decline dramatically.
Conclusions: Dynamic monitoring of SSTMs can be used as a necessary supplement to imaging 
examination to evaluate the response to PD-1 blockade and predict the prognosis of patients with 
malignancies; it may also be helpful for clinical judgment of pseudoprogression and delayed response.
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Introduction

Immunotherapeutics, especially programmed cell death 
protein 1 (PD-1) blockade, are a major advance in the 
treatment of cancers. Unlike traditional cytotoxic and 
targeted drugs, which damage cancer cells directly, the 
mechanism of PD-1 blockade is to activate tumor specific 
lymphocytes to kill tumor cells. After starting treatment 
with PD-1 blockade, the immune system needs a period 
of time to “recruit” lymphocytes into the tumor tissue to 
“fight” with tumor cells (1). This may result in two forms 
of therapeutic response that differ from chemotherapy 
and targeted therapy: pseudoprogression and delayed 
response (2). This poses a great challenge to the traditional 
criteria, such as the Reaction Evaluation Criteria in Solid 
Tumor (RECIST) criteria, which are based on data from 
cytotoxic drugs used for advanced malignancies (3). Even 
the newly proposed modified RECIST 1.1 for immune-
based therapeutics (iRECIST) (4) will face some problems 
in assessing the response to immunotherapy. Although 
iRECIST can reduce the risk of abandoning PD-1 blockade 
owing to mistakenly assuming ineffective treatment, it could 
also give rise to time being wasted on ineffective therapies 
that neither benefit nor are cost-effective. In addition, 
given the limitations of the effectiveness of PD-1 blockade 
monotherapy, various combined therapies are currently 
being applied and explored in clinical practice. The changes 
in the reaction kinetics of PD-1 blockade combined with 
chemotherapy or targeted therapy are unclear. Therefore, 
the evaluation method faces more challenges and this 
problem needs to be solved urgently.

Tumor markers are substances that are characteristic 
of malignant tumor cells, are abnormally produced by 
malignant tumor cells, or are produced by the host's 
stimulated response to tumors; they can reflect the 
occurrence and development of tumors, and be used to 
monitor the response to treatment (5,6). Tumor markers 
exist in tissues, body fluids and excreta of cancer patients and 
can be detected by immunological, biological and chemical 
methods. The studies have reported that serum specific 
tumor markers (SSTMs) can be used to detect therapeutic 
effects and predict prognosis (5-8). In addition, it has been 
reported that the level of SSTM is closely related to tumor 
load, for example in the application of carcinoembryonic 
antigen (CEA) in colorectal cancer (9) and carbohydrate 
antigen 19-9 (CA19-9) in pancreatic cancer (10). Therefore, 
we attempted to explore whether SSTMs could be used to 
evaluate the efficacy of immunotherapy.

Recent studies have retrospectively analyzed the role 
of SSTMs in evaluating efficacy and predicting prognosis 
in PD-1 blockade monotherapy, mainly in non-small cell 
lung cancer (NSCLC). The dynamic change in cytokeratin 
fragment (CYFRA) 21-1 and CEA might predict the 
therapeutic efficacy of nivolumab in patients with advanced 
NSCLC (11). The higher levels of CEA were associated 
with inferior progression-free survival (PFS) in patients 
with NSCLC treated with nivolumab (12). CYFRA 21-1 has 
been reported to be an independent prognostic predictor 
for patients with advanced lung adenocarcinoma treated 
with nivolumab (13). Lang et al. retrospectively analyzed 
the association of early serum tumor marker dynamics 
and prognosis in patients with advanced NSCLC treated 
with anti-PD-1/programmed death-ligand 1 (PD-L1)  
therapy (14). The research showed that decreasing levels 
of serum tumor marker at first restaging could predict 
longer PFS and overall survival (OS) and identify patients 
with favorable prognosis among initial radiological non-
responders (14). However, the rate of effectiveness of 
PD-1 blocking monotherapy in most malignant tumors 
was less than 30%, except for lymphoma, microsatellite 
instability-high (MSI-H) tumors, etc. At present, more 
efforts are being made to explore the mode of combination 
therapy. To date, there has been no study of the dynamic 
monitoring of SSTMs in evaluating the efficacy and 
predicting the prognosis of tumors other than NSCLC, or 
of the combination of PD-1 blockade with other treatment 
modes. We have used SSTM measurement as a supplement 
to imaging examination in order to evaluate the response 
to PD-1 blockade monotherapy and its combination with 
other treatment modes in clinical practice. We found 
that SSTMs can provide clinically relevant information 
when radiological examination is uncertain. Based on such 
observations, this study aimed to analyze retrospectively the 
dynamic changes of SSTMs in patients with malignancies 
undergoing PD-1 blockade, and to determine whether 
dynamic monitoring of SSTMs can be used to evaluate the 
therapeutic effect and predict prognosis.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2560).

Methods

From January 2018 to July 2019, 34 consecutive patients 
underwent PD-1 blockade as  monotherapy or  in 
combination with other treatments as systemic treatment 

http://dx.doi.org/10.21037/tcr-20-2560
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for various malignancies in our department at the Liaoning 
Tumor Hospital & Institute. All of the malignancies were 
confirmed histologically. All patients had unresectable, 
recurrent or metastatic tumors. The serum tumor 
markers, radiological evaluation, prognosis, and other 
clinicopathological records of these patients were collected 
and retrospectively analyzed.

Among the 34 patients, two patients died of disease 
progression (PD) after one cycle of medication, and were 
excluded because of the unavailable radiological data. 
Five cases were excluded due to lack of elevated SSTMs 
before medication. They were malignant melanoma (n=2), 
leiomyosarcoma (n=1), osteosarcoma (n=1), and esophageal 
squamous cell carcinoma (n=1). Ultimately, 27 patients 
were included in the study. The retrospective study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). The study was approved by the Research 
Ethics Committee of the Liaoning Tumor Hospital & 
Institute (No. 2019S1103) and informed consent was taken 
from all the patients.

The main variables were: age, sex, types of primary 
tumors, treatment lines with PD-1 blockade, types of 
anti-PD-1 drugs, treatment regimen, SSTM level before 
and during treatment, and radiological response. The 
SSTM was defined as the serum protein tumor marker 
widely accepted for a certain type of malignancies in many 
countries, and was significantly higher than the upper limit 
of the reference range before the first administration of 
PD-1 blockade. All of the SSTM levels were measured 
within one week before the first administration of treatment, 
with an electrochemiluminescence immunoassay that used 
the Roche Cobas E601 (Roche, Switzerland) immunoassay 
system. The SSTMs of different tumors included in this 
study and their reference ranges are shown in Table S1. 
The change in SSTM from baseline was calculated using 
the following formula: change in SSTM from baseline = 
(measured SSTM level − baseline SSTM level)/baseline 
SSTM level. The baseline Computed Tomography 
(CT) or Magnetic Resonance Imaging (MRI) scans were 
performed before the first administration of treatment, 
and the following radiological evaluation was performed 
after every two cycles of treatment until PD. All imaging 
data were reviewed by two independent radiologists. The 
radiologists were blinded to detailed information, such 
as the SSTMs changes and the prognosis, but they were 
aware of the pathologically diagnosed malignancies. The 
therapeutic effect, complete response (CR), partial response 
(PR), stable disease (SD) and PD, were evaluated on the 

basis of RECIST version 1.1. The change in target lesions 
from baseline was calculated using the following formula: 
change in target lesions from baseline = (measured maximal 
diameter sum of target lesions – baseline maximal diameter 
sum of target lesions)/baseline maximal diameter sum of 
target lesions. The patients themselves or the clinicians and 
relatives of the patients were contacted by telephone and 
interviewed regarding patient survival or the documented 
day of death. The final survival data were collected on July 
31, 2019.

Statistical analyses

The relationship between the SSTMs changes and 
the therapeutic effect was calculated with the χ2 test. 
Spearman’s correlation analysis was performed to analyze 
the association between SSTM response and radiological 
response. Kaplan-Meier estimation was used to analyze 
the survival data and the statistical significance was 
evaluated by the log-rank test. Two-sided P values <0.05 
were considered to be statistically significant. IBM SPSS 
Statistics version 22 and GraphPad Prism version 6.0 were 
used for the statistical analyses.

Results

Clinicopathological and therapeutic characteristics

Twenty-seven patients were included in this study. Table 1 
lists the clinicopathological and therapeutic characteristics 
of the patients. The median age was 62 years (P25–P75:  
59–74 years), and 20 (74.1%) of them were male. All 
patients had unresectable, recurrent, or metastatic stage 
IV malignancies and were treated with PD-1 blockade as 
monotherapy or in combination with other treatments. 
Among them, 16 cases (59.3%) were treated as first-line 
treatment, 5 cases (18.5%) were treated as second-line 
treatment, and the other 6 cases (22.2%) were treated 
as third-line or after third-line treatment. Ten cases 
(37%) were of gastric and gastroesophageal junction 
adenocarcinoma, five hepatocellular carcinoma, five 
NSCLC, two esophageal squamous cell carcinoma, one 
small cell lung cancer, one ureteral urothelial carcinoma, 
one lymphoma, one hypopharyngeal squamous cell 
carcinoma, and one colorectal adenocarcinoma. The 
treatment lines and regimens for each type of tumor 
are detailed in Table 1. First-line treatment (59.3%) and 
combination therapy (74.1%) were most commonly used.

https://cdn.amegroups.cn/static/public/TCR-20-2560-supplementary.pdf
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Table 1 The clinicopathological and treatment characteristics of 27 patients with various cancers who received immunotherapy with anti-PD-1 
monoclonal antibody

Characteristics No. of cases (N=27) Remarks

Age (years):

Median [P25–P75] 62 [59–74]

Mean [range] 63 [29–82]

Gender

Male 20 (74.1%)

Female 7 (25.9%)

Anti-PD-1 monoclonal antibody

Nivolumab 10 (37.0%)

Pembrolizumab 7 (25.9%)

Toripalimab 8 (29.6%)

Sintilimab 2 (7.4%)

Treatment lines

1st line 16 (59.3%)

2nd line 5 (18.5%)

≥ 3rd line 6 (22.2%)

Primary tumors

Gastric and gastroesophageal  
adenocarcinoma

10 (37.0%) 1st line, n=6 (PD-1 + CT, n=4; PD-1 + CTLA-4, n=2); 2nd line, n=2 
(single PD-1, n=2); ≥ 3rd line, n=2 (single PD-1, n=1; PD-1 + TKI, n=1)

Hepatocellular carcinoma 5 (18.5%) 1st line, n=4 (PD-1 + TKI, n=4); 2nd line, n=1 (single PD-1, n=1)

Non-small cell lung cancer 5 (18.5%) 1st line, n=3 (single PD-1, n=1; PD-1 + CT, n=2); 2nd line, n=1  
(PD-1 + CT, n=1); ≥ 3rd line, n=1 (PD-1 + CT, n=1)

Esophageal squamous cell carcinoma 2 (7.4%) 1st line, n=2 (PD-1 + CT, n=1; PD-1 + CTLA-4, n=1)

Small cell lung cancer 1 (3.7%) 3rd line (PD-1 + TKI)

Ureteral urothelial carcinoma 1 (3.7%) 2nd line (single PD-1)

Lymphoma 1 (3.7%) 3rd line (PD-1 + TKI)

Hypopharyngeal squamous cell carcinoma 1 (3.7%) ≥ 3rd line (single PD-1)

Colorectal adenocarcinoma 1 (3.7%) 1st line (PD-1 + CT)

Treatment regimen

Single PD-1 7 (25.9%) 1st line, n=1; 2nd line, n=4; ≥ 3rd line, n=2

PD-1 + CT 10 (37.0%) 1st line, n=8; 2nd line, n=1; ≥ 3rd line, n=1

PD-1 + CTLA-4 3 (11.1%) 1st line, n=3

PD-1 + TKI 7 (25.9%) 1st line, n=4; ≥ 3rd line, n=3

PD-1, anti-PD-1 antibody; CT, chemotherapy; CTLA-4, anti-CTLA-4 antibody; TKI, tyrosine kinase inhibitor.
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The relationship of SSTM response and radiographic 
response

The SSTM levels of the patients were measured at baseline 
and during the treatment. According to the SSTM changes 
within the first 12 weeks of treatment, the patients were 
divided into a tumor marker increased group (Group A) 
and a decreased group (Group B). The SSTM response and 
radiographic response of both groups are shown in Figure 
1. In the trend charts of group A (Figure 1A,C) and group B 
(Figure 1B,D), a curve of one color represents each patient’s 
change. It can be seen that most of the patients with SSTM 
elevation in group A did not respond to treatment, and the 
radiographic response was PD; while in group B, most of 
the patients with SSTM reduction responded to treatment, 

and the radiographic response was PR or SD. The change 
in SSTM was strongly associated with the change in target 
lesions (χ2=15.326, P≤0.001) (Table 2). Further analysis 
showed that the change in SSTM was positively correlated 
with the change in target lesions (Pearson correlation 
r=0.727, P<0.0001) (Figure 2). It should be pointed out 
that one patient in the group B experienced significant 
pseudoprogression in the initial stage of PD-1 blockade 
(represented by black curves in Figure 1B,D). During the 
whole course of treatment with anti-PD-1 antibody and 
Apatinib, the SSTM level continued to decline and the 
symptoms continued to be relieved. The black curves 
in Figure 1B,D demonstrate the change in SSTM and 
radiographic response, respectively. These data suggested 
a strong correlation between SSTM response and 

Figure 1 The changes in serum specific tumor marker (SSTM) and target lesions of each patient at different time points in the treatment 
process. According to the changes in SSTM within the first 12 weeks of treatment, the patients were divided into a tumor marker increased 
group and a tumor marker decreased group. The radiographic response was evaluated on the basis of RECIST version 1.1. (A) The SSTM 
response of patients in the tumor marker increased group. (B) The SSTM response of patients in the tumor marker decreased group. (C) 
The radiographic response of patients in the tumor marker increased group. (D) The radiographic response of patients in the tumor marker 
decreased group. Curves of the same color represent each patient’s change. It can be seen that most of the patients with SSTM elevation in 
group A did not respond to treatment, and the radiographic response according to RECIST was PD; in group B, most of the patients with 
SSTM reduction responded to treatment, and the radiographic response was PR or SD. PR, partial response; SD, stable disease.
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radiographic response in patients receiving PD-1 blockade, 
confirming that dynamic monitoring of SSTM could be 
used to evaluate the therapeutic response to PD-1 blockade 
in patients with advanced cancer, especially in cases of 
pseudoprogression.

Evaluation of SSTM response as a prognostic predictor for 
patients with advanced cancer receiving PD-1 blockade

We analyzed OS and PFS in patients with SSTM elevation 
and SSTM reduction. A strong correlation between SSTM 
response and survival time was demonstrated. Patients with 
SSTM reduction had a significantly longer median OS  
(417 days) than patients with SSTM elevation (median OS, 
235 days; log-rank χ2=6.323, P=0.012; Figure 3A). Similarly, 
PFS in SSTM reduction group (median PFS, not reached) 
was significantly longer than that in the elevation group 
(median PFS, 127 days; log-rank χ2=8.843, P=0.003; Figure 

3B). These data suggested that SSTM response could act 
as a prognostic predictor for patients with advanced cancer 
receiving PD-1 blockade.

SSTM may be helpful in the clinical judgment of 
pseudoprogression and delayed response for patients with 
advanced cancer receiving PD-1 blockade

It is worth mentioning that there was one case of 
pseudoprogression and one case of delayed response in this 
study. The patient who experienced pseudoprogression was 
diagnosed with human epidermal growth factor receptor-2 
(HER-2) negative alpha-fetoprotein (AFP)-producing 
gastric adenocarcinoma with multiple liver metastases. 
The patient received standard first-line and second-line 
chemotherapy and the disease was not controlled. Gene 
detection by next-generation sequencing revealed tumor 
mutational burden (TMB) 10.3/Mb and non-MSI-H. The 
patient was treated with anti-PD-1 antibody and Apatinib 
as third-line treatment. The diameter of the target lesions 
increased by 75% after two cycles of treatment and 80% 
after four cycles (Figure 4A). At this point the radiographic 
response was PD. However, abdominal pain and distension 
were significantly relieved, and the serum AFP decreased 
significantly after two cycles of treatment (Figure 4B). 
Considering the occurrence of pseudoprogression, it was 
suggested that puncture biopsy of enlarged liver metastases 
be performed, but the patient refused. The patient 
continued the treatment, and radiographic response showed 
shrunken SD after the 8th cycle and PR after the 10th cycle. 
Since then, the patient has maintained PR (Figure 4A,C). 
So far, throughout the treatment process with anti-PD-1 
antibody and Apatinib, the serum AFP level was maintained 
within the reference range and with no obvious discomfort.

A patient with advanced hepatocellular carcinoma was 

Table 2 Changes in serum specific tumor markers within 12 weeks of the initiation of treatment with anti-PD-1 antibody, compared with  
radiographic response according to RECIST (one patient with false progression were removed from the analysis)

Change in serum specific tumor 
marker from baseline to 12 weeks

Clinical response according to RECIST criteria

Total χ2 P valueCR + PR + shrunken SD  
(tumor size decreased)

Enlarged SD  
(tumor size increased) + PD

Increased 3 (30.0%) 7 (70.0%) 10 (100.0%) 15.326 ≤0.001

Decreased 16 (100.0%) 0 (0.0%) 16 (100.0%)

Total 19 (73.1%) 7 (26.9%) 26 (100.0%)

RECIST, reaction evaluation criteria in solid tumor; CR, complete response; PR, partial response; SD, stable disease; PD, disease  
progression.

Figure 2 The change in SSTMs was positively correlated with the 
change in target lesions (Pearson’s correlation r=0.727, P<0.0001). 
A patient with pseudoprogression was not included in the 
correlation analysis. SSTM, serum specific tumor marker.
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Figure 3 Comparisons of overall survival (OS) and progression-free survival (PFS) between the tumor marker increased group and tumor 
marker decreased group. (A) Patients with tumor marker reduction had a significantly longer median OS (417 days) compared with patients 
with tumor marker elevation (median OS, 235 days; log-rank χ2=6.323, P=0.012). (B) PFS in the tumor marker reduction group (median 
PFS, not reached) was significantly longer than that in the elevation group (median PFS, 127 days; log-rank χ2=8.843, P=0.003).
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treated with anti-PD-1 antibody and levotinib. The patient 
experienced a delayed response (the maximum diameter 
sum of the target focus increased by 12% after 2 cycles of 
treatment, increased SD) and a continuous decline in serum 
AFP level during early evaluation. The tumor size began 
to decrease compared with baseline after the 6th cycle, and 
radiographic evaluation showed PR after the 10th cycle. 
The patient is still receiving treatment and maintaining 
PR. The change in serum AFP level and target lesions from 
baseline, and radiographic images, are shown in Figure 5.

These data suggested that SSTM response may be 
helpful for clinical judgment of pseudoprogression and 
delayed response for patients with advanced cancer receiving 
PD-1 blockade; this finding needs further discussion and 
analysis in a large sample of cases.

Discussion

It is suggested that SSTMs can be used to evaluate the 
efficacy and prognosis of chemotherapy and targeted 
therapy for malignant tumors. In this study, the dynamic 
changes of  SSTMs in patients  with malignancies 
undergoing PD-1 blockade were analyzed retrospectively. 
The results showed a strong correlation between SSTM 
response and radiographic response, and SSTM response 
could act as a prognostic predictor. Dynamic monitoring 
of SSTMs response to PD-1 blockade may be helpful 
for clinical judgment of pseudoprogression and delayed 
response.

During PD-1 blockade, there may emerge two different 

forms of therapeutic response: pseudoprogression and 
delayed response, which are different from the responses 
to chemotherapy and targeted therapy. For both forms of 
response, the application of RECIST in evaluating efficacy 
may lead to misjudgments. However, if the iRECIST is 
applied, it may lead to a failure to identify patients with 
true progression in time. It is important to distinguish 
true progression from pseudoprogression rapidly and 
accurately, because time should not be wasted on ineffective 
treatment, which is neither clinically beneficial nor cost-
effective. Accordingly, there is an urgent need to explore 
additional biomarkers for evaluating efficacy and prognostic 
prediction, in addition to imaging examinations, in patients 
with malignancies receiving PD-1 blockade as monotherapy 
and in combination with other treatments.  Most 
malignancies have SSTMs, which can be easily measured 
in peripheral blood. In this study, 85.3% of patients with 
malignancies had detectable SSTMs. The SSTMs level 
is closely related to tumor load. The AFP level has been 
correlated with tumor load of hepatocellular carcinoma (15).  
The baseline level of CEA correlates with tumor load of 
metastatic colorectal cancer (9). The dynamic changes in 
SSTMs may indirectly reflect the changes of tumor load, 
so they can be used to assist in evaluating the therapeutic 
effect. Our study showed that dynamic change in SSTMs 
was positively correlated with the change in target lesions 
of the patients. Recent studies have reported that CYFRA 
21-1 may be used to predict therapeutic efficacy (11) and be 
an independent prognostic predictor (13) in patients with 
advanced NSCLC receiving nivolumab monotherapy. CEA 
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can also predict therapeutic efficacy (11) and is associated with 
PFS in patients with NSCLC treated with nivolumab (12).  
The association of early serum tumor marker dynamics 
and prognosis in patients with advanced NSCLC treated 
with PD-1/PD-L1 blockade (14). In our study, 18.5% of 
patients had NSCLC, and 25.9% of patients were treated 
with PD-1 blockade monotherapy. We have demonstrated 
the role of dynamic monitoring of SSTMs in all types 
of tumor and with various treatment modalities in this 
study. Attention should be paid to the patients with 

pseudoprogression and delayed response. At the initial 
stage of treatment, the diameter of target lesions was found 
to have increased, but the symptoms of discomfort were 
relieved significantly, and the SSTMs continued to decline 
dramatically. Pseudoprogression and delayed response 
are specific response modes that are observed in patients 
who are treated with immunotherapeutic agents (2,16). 
The mechanism of initial progress involves infiltration 
of immunocytes into tumor tissues, which leads to the 
enlargement of tumors or new nodules. It is manifested 

Figure 4 One patient experienced pseudoprogression of HER-2 negative AFP-producing gastric adenocarcinoma with multiple liver 
metastases. The patient was treated with Apatinib combined with anti-PD-1 antibody as third-line treatment. (A) The changes in target 
lesions evaluated on the basis of RECIST version 1.1. (B) The levels of serum AFP at different time points in the treatment process. (C) 
Radiographic images of liver metastases (arrows) at different time points. Anti-PD-1, anti-PD-1 antibody.
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as imaging progression, rather than real tumor cell 
proliferation (16). Therefore, the SSTM level can reflect 
the tumor load more effectively than imaging examination 
at this stage.

Ideal biomarkers should be readily available, of low cost, 
and allow continuous detection (17). Most malignancies 
have SSTMs that can be easily detected in peripheral blood. 
It may be possible to combine the SSTMs monitoring 
results and imaging evaluation results to predict the 
therapeutic effect and prognosis of tumors. The advantages 
of SSTMs are convenient and economical. The advantages 
of imaging evaluation are universal and widely accepted. 
The combination of the two methods may improve 
the accuracy of prediction in the vast majority of cases. 
Only in a few cases, the two evaluation methods may be 

inconsistent, such as the pseudoprogression and delayed 
response. Because the SSTM level can reflect the tumor 
load more effectively than imaging examination, the SSTMs 
may be a useful supplement to imaging evaluation.

Lastly, there were several inevitable limitations to this 
retrospective study. First, the number of patients and 
duration of the follow-up period were major concerns, 
mainly because anti-PD antibody was not available in 
China until 2018. However, judging from the existing 
results, dynamic monitoring of SSTMs was indeed helpful 
in evaluating the efficacy of PD-1 blockade and predicting 
prognosis in patients with malignancies. Nevertheless, 
prospective validation with a sufficient number of patients 
is needed to clarify the clinical significance of dynamic 
monitoring of SSTMs. Second, we did not get enough 

Figure 5 One patient with advanced hepatocellular carcinoma who experienced a delayed response was treated with anti-PD-1 antibody 
combined with levotinib from May 23, 2018. (A) Serum AFP levels at different time points in the treatment process. (B) Changes in target 
lesions evaluated on the basis of RECIST version 1.1. (C) Radiographic images of target lesions (arrows) at different time points. Anti-PD-1, 
anti-PD-1 antibody.
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pathological information from the patient who have 
experienced pseudoprogression, because the patient refused 
to accept the biopsy. However, throughout the patient’s 
treatment process, pseudoprogression could be determined. 
Although there was one case of pseudoprogression and one 
case of delayed response, we have seen the potential value of 
SSTM, which needs to be verified in more cases. Last, this 
was a retrospective study, and there may be selective bias. In 
order to avoid the influence of selective bias on the results 
of retrospective study as much as possible, the patients that 
met the inclusion criteria were selected consecutively in a 
fixed time interval.

Conclusions

Dynamic monitoring of SSTMs can be used as a necessary 
supplement to imaging examination in evaluating the 
response to PD-1 blockade and predicting the prognosis of 
patients with malignancies; it may also be helpful for clinical 
judgment of pseudoprogression and delayed response. 
These findings, if confirmed, may provide a practical 
method for evaluating the efficacy of immune checkpoint 
inhibitor therapy.
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Supplementary

Table S1 Specific serum tumor markers and reference ranges for various malignant tumors

Primary tumors Specific serum tumor markers Reference ranges

Gastric and gastroesophageal adenocarcinoma (n=10) CA724 (n=4) 0-6.9 U/mL

AFP (n=3) 0-13.6 ng/mL

CEA (n=2) 0-5 ng/mL

CA125 (n=1) 0-35 U/mL

Hepatocellular carcinoma (n=5) AFP (n=5) 0-13.6 ng/mL

Non-small cell lung cancer (n=5) CYFRA (squamous cell carcinoma, n=3) 0-3.3 ng/mL

CEA (adenocarcinoma, n=2) 0-5 ng/mL

Esophageal squamous cell carcinoma (n=2) CYFRA (n=2) 0-3.3 ng/mL

Small cell lung cancer (n=1) NSE (n=1) 0-16.3 ug/L

Ureteral urothelial carcinoma (n=1) CYFRA (n=1) 0-3.3 ng/mL

Lymphoma (n=1) β2-microglobulin (n=1) 1-3 mg/L

Hypopharyngeal squamous cell carcinoma (n=1) CYFRA (n=1) 0-3.3 ng/mL

Colorectal Adenocarcinoma (n=1) CEA (n=1) 0-6.9 U/mL

CA724: carbohydrate antigen 724; AFP: alpha-fetoprotein; CEA: carcinoembryonic antigen; CA125: carbohydrate antigen 125; CYFRA: 
cytokeratin fragment; NSE: neuron-specific enolase.


