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Abstract
Serum cytokeratin 19 fragment (CYFRA21-1) has been found to be a useful prognostic marker in lung cancer. Previous studies have
revealed that change in CYFRA21-1 synchronously predicted therapeutic effectiveness in advanced nonsmall cell lung cancer
(NSCLC) after the second cycle of chemotherapy. The objective of this study was to investigate the early predictive value of
percentage change in serum CYFRA21-1 from pretreatment to completion of the first cycle of chemotherapy for chemotherapeutic
effectiveness in advanced NSCLC patients.
Ninety-seven advanced NSCLC patients with elevated serum CYFRA21-1 level (≥3.8mg/L), who received 2 platinum-containing

drugs,were included in this retrospective study. SerumCYFRA21-1 hadbeen assayed before and after the first cycle of chemotherapy.
To evaluate the effectiveness of chemotherapy, patients were allocated to disease control (DC) and progressive disease groups. The
percentage changes of serum CYFRA21-1 concentration before and after first-cycle chemotherapy that occurred in each group were
evaluated for their ability to predict achievement of radiologic DC, that is, to predict therapeutic effectiveness.
The percentage change of serum CYFRA21-1 and the prevalence of ≥5% weight loss were higher in patients with progressive

disease than in those with DC. The differences in other clinical and pathological variables including age, sex, Eastern Cooperative
Oncology Group (ECOG) performance status, cigarette smoking, histological type, gross type, clinical stage, and chemotherapy
regimens of the 2 groups were not significant. Both multiple generalized linear model analysis and linear trend tests indicated that the
percentage change of serum CYFRA21-1 concentration was independently and negatively linked to the effectiveness of
chemotherapy for NSCLC (P<0.01). The area under the receiver-operating characteristic curve of the percentage change in
prediction of DC was 0.84 and the optimal cut-off value was17.5% (P<0.001).
The percentage change of serum CYFRA21-1 after completing the first cycle of chemotherapy was predictive of treatment effects

and might be helpful in making early decisions to change chemotherapy regimens in patients with advanced NSCLC.

Abbreviations: AC = pemetrexed disodium and carboplatin, AD = pemetrexed disodium and cisplatin, AUC = area under the
ROC curve, CI = confidence interval, CR = complete response, CT = computed tomography, CYFRA21-1 = cytokeratin 19
fragment, DC = disease control, DP = docetaxel and cisplatin, GC = gemcitabine and carboplatin, GP = gemcitabine and cisplatin,
NCCN = National Comprehensive Cancer Network, NSCLC = nonsmall cell lung cancer, ORR = objective response rate, PD =
progressive disease, Post_CYFRA21-1 = the CYFRA21-1 levels after the first cycle of chemotherapy, PR = partial response,
Pre_CYFRA21-1 = the CYFRA21-1 levels before the first cycle of chemotherapy, RECIST = Response Evaluation Criteria in Solid
Tumors, ROC = receiver-operating characteristic, SD = stable disease, TP = paclitaxel and cisplatin.
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Figure 1. Flowchart of study participant selection.
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1. Introduction

Lung cancer is the leading cause of cancer death in men
worldwide,[1] and in both men and women in China.[2] Nonsmall
cell lung cancer (NSCLC) accounts for 70% to 80% of the lung
cancer diagnoses, and 70% of those are diagnosed when
advanced stage is reached (stage IIIB/IV).[3] Current clinical
guidelines for first-line therapy and subsequent therapy of
NSCLC from the National Comprehensive Cancer Network
(NCCN)[4] highlight the significant progress made since 1997
when there was only 1 option for first-line therapy.[5]

Chemotherapy is an important choice as the first-line therapy,
especially for those whose test results of epidermal growth factor
receptor (EGFR) mutation and anaplastic lymphoma kinase
(ALK) gene rearrangement are negative.[4]

Patient response to treatment of advanced NSCLC is assessed
radiologically as per the Response Evaluation Criteria in Solid
Tumors (RECIST) Version 1.1[6] after the second cycle of
chemotherapy. Disease control (DC), classified as complete
response (CR), partial response (PR), or stable disease (SD), is
considered as a more reliable predictor of survival than objective
response (OR) rate, and provides an early assessment of
outcome.[7] Oncologists usually continue first-line advanced
NSCLC regimens for patients with DC and switch to subsequent
therapy for those with progressive disease (PD) after 2 cycles of
chemotherapy.Thismeans that somepatientswithaPRreceive less
effective chemotherapy drugs after the second cycle of chemother-
apy. Therefore, itwould be helpful to determine as early as possible
whether patients will get benefit from first-line chemotherapy.
Early adjustment of the initial therapy would avoid unnecessary
side effects andsave timeandcost.Currently, there areno tools that
effectively predict the response to chemotherapy, especially DC
after the first cycle of chemotherapy.
Tumor-associated serum markers have predictive and prognos-

tic value in patients being treated for malignancies. Our previous
studies demonstrated that serum dehydrogenase, C-reactive
protein, and albumin had independent prognostic value in
nasopharyngeal carcinoma and NSCLC.[8–10] Cytokeratin 19
fragment (CYFRA21-1) is expressed in the cytoplasm of epithelial
tumor cells, including NSCLC,[11] and Vollmer et al[12] found that
serum CYFRA21-1 level was associated with tumor stage, patient
prognosis, and surgical resection of tumors, and reflected tumor
burden. Serum CYFRA21-1 level has also been shown to predict
treatment effectiveness and prognosis in patients treated with
surgery,[13,14] chemotherapy,[15–17] targeted therapy,[18–20] and
concurrent chemoradiation.[21] Previous studies of the association
of change in serum CYFRA21-1 with response to chemotherapy,
which focused on synchronous or early prediction of OR, found
that it did have predictive value.[12–25] A few investigations have
reported the predictive value of change in serumCYFRA21-1with
DC after the second cycle of chemotherapy.[26,27] However, data
are lacking on early prediction of DC after the first cycle of
chemotherapy because the radiographic evaluation did not follow
the current RECIST criteria, but used the older World Health
Organization (WHO) standard.[25,27] Additionally, the inclusion
criteria did not require an elevated serum CYFRA21-1 level.[25–27]

In this study, we retrospectively analyzed the predictive value of
percentage change of serum CYFRA21-1 before and after the first
cycle of chemotherapy for radiologic DC according to the RECIST
criteria.Ninety-seven patientswith advancedNSCLCand elevated
serum CYFRA21-1 were included. The aim of early prediction of
chemotherapeutic effectiveness is to help identify patients who
would benefit from a change in treatment.
2

2. Methods

2.1. Patient characteristics

A group of 97 patients treated for advanced NSCLC at Zhejiang
Provincial People’sHospital between January2009andSeptember
2014 were retrospectively analyzed. The selection procedure is
shown in Fig. 1.The local ethics committee approved the study
protocol. Eligible patients had histologically or cytologically
confirmed stage IIIb or stage IV cancer that was newly diagnosed,
or recurrentNSCLC that had not yet been treated. Other inclusion
criteriawere receipt of≥2 cycles of chemotherapywith 2 platinum-
containing drugs as first-line therapy. The choice of chemotherapy
was at the discretion of medical oncologists. The disease was
evaluated using RECIST version 1.1 criteria, [6] tumor response
was assessed by imaging, and all patients had elevated serum
CYFRA21-1 (≥3.8mg/L) before or after the first cycle of
chemotherapy. Cases without loss of follow-up data were
evaluated. Patients with symptomatic brain metastasis, stage IIIb
disease receiving concurrent chemoradiation were excluded.

2.2. CYFRA21-1 assay and calculation of percentage
change

Serum samples (3mL) were collected from the NSCLC patients in
the week before the first cycle of chemotherapy (pre-CYFRA21-
1) and the week before the second cycle of chemotherapy (post-
CYFRA21-1). CYFRA21-1 was assayed by electrochemilumi-
nescence (Roche E170 Immunology Analyzer) and calibrated
using a commercially available CYFRA21-1 antigen (Bio-Rad
Laboratories). The cut-off value of the normal serum CYFRA21-
1 level was 3.8mg/L based on the 95% confidence interval (CI) of
the general Chinese population. The percentage change of serum
CYFRA21-1 concentration was calculated as ([post-CYFRA21-
1�pre-CYFRA21-1]/pre-CYFRA21-1)�100.

2.3. Assessment of chemotherapeutic effectiveness

The assessment of chemotherapeutic effectiveness was according to
RECIST version 1.1 criteria [6] after the second cycle of
chemotherapy. Patients who achieved CR, PR, and SD comprised
a DC group, and the remaining patients comprised a PD group.
Chemotherapeutic effectiveness was evaluated radiologically by
computedtomography(CT)scansofthechestandsuperiorabdomen
conducted before the first and the third cycle of chemotherapy.

2.4. Statistical analysis

Categorical data were expressed as the number and percentage of
cases, and chi-square or Fisher exact test was used to compare
patients with DC and those with PD. The normality of continuous



Table 1

Characteristics of subjects by the efficacy of chemotherapy in
NSCLC patients.

Variables PD (n=15) DC (n=82) P

Age, n (%) 0.546
<65 y 12 (80.00) 56 (68.29)
≥65 y 3 (20.00) 26 (31.71)

Sex, n (%) 0.891
Male 3 (20.00) 21 (25.61)
Female 12 (80.00) 61 (74.39)

ECOG PS score, n (%) 0.533
�1 10 (66.67) 64 (78.05)
2 5 (33.33) 18 (21.95)

Weight loss, n (%) 0.070
<5% 9 (60.00) 69 (84.15)
≥5% 6 (40.00) 13 (15.85)

Cigarette smoking, n (%) 0.775
Nonsmoker 7 (46.67) 35 (42.68)
Smoker 8 (53.33) 47 (57.32)

Histological type, n (%) 0.107
ADC 7 (46.67) 46 (56.10)
SCC 5 (33.33) 32 (39.02)
Large cell 1 (6.67) 0 (0.00)
Undifferentiated 2 (13.33) 4 (4.88)

Gross type, n (%) 0.779
Peripheral type 9 (60.00) 46 (56.10)
Central type 6 (40.00) 36 (43.90)

Clinical stage, n (%) 0.329
IIIb 5 (33.33) 15 (18.29)
IV 10 (66.67) 67 (81.71)

Chemotherapy regimen, n (%) 0.699
GP 10 (66.67) 52 (63.41)
GC 3 (20.00) 16 (19.51)
AD 1 (6.67) 6 (7.32)
AC 1 (6.67) 1 (1.22)
TP 0 (0) 4 (4.88)
DP 0 (0) 3 (3.66)

Percentage change, %
∗

44.40 (4.90,60.00) �29.20 (�51.10,�7.30) <0.001

Categorical data were described as the number of cases (%) and chi-square test or Fisher exact test
was selected to compare the differences.
AC=pemetrexed disodium and carboplatin, AD=pemetrexed disodium and cisplatin, ADC=
adenocarcinoma, DC=disease control, DP=docetaxel and cisplatin, ECOG=Eastern Conference
Oncology Group, GC=gemcitabine and carboplatin, GP=gemcitabine and cisplatin, PD=progressive
disease, SCC= squamous cell carcinoma, TP=paclitaxel and cisplatin.
∗
Indicates that the data was presented with median (Q1, Q3) and Wilcoxon rank-sum tests were

performed to compare the differences in the 2 groups because of the data not meet normal or similar
normal distribution.
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data distributions was assessed by the Kolmogorov–Smirnov test
before statistical analysis. If the data had a normal or near-normal
distribution, they were expressed as means± standard deviation
(SD), and independent sample t tests were used to compare the
differences observed in the subjects with DC and PD. Data that did
not have a normal distribution were expressed as medians and first
(Q1) and third (Q3) quartiles; theMann–WhitneyU testwas used to
compare differences between the 2 groups.
Table 2

Individual effects of the percentage change of serum CYFRA21-1 (te

Percentage change
of CYFRA21-1 (%) n Cases (%)

Crude

OR (95% CI) P

�86.5∼ 32 30 (93.80) 1.00 (1.00, 1.00) Re
�41.8∼ 33 32 (97.00) 2.13 (0.18, 24.76) 0.5
�6.4∼145.5 32 20 (62.50) 0.11 (0.02, 0.55) 0.0
Linear trend 0.0

Model 1: adjusted for age, sex, ECOG PS score, weight loss, cigarette smoking, histological types.
Model 2: model 1 + gross type + clinical stage + chemotherapy regimen.
CI= confidence interval, OR=odds ratio.

3

To determine the association of serum CYFRA21-1 concentra-
tion and effectiveness of chemotherapy, the 97 patients were
stratified into 3 groups by the percentage change in serum
CYFRA21-1. With adjustments for age, sex, Eastern Cooperative
Oncology Group (ECOG) performance status (PS) score, weight
loss, cigarette smoking, histological type of cancer, gross type,
clinical stage, and chemotherapy regimens, a multiple generalized
linear model (GLM) and linear-trend test were performed to
determine whether the percentage change in serum CYFRA21-1
was significantly associated with the effectiveness of treatment.
Furthermore, receiver-operating characteristic (ROC) curves were
plotted to assess the cut-off value of the percentage change in serum
CYFRA21-1 in predicting effectiveness. The ability to accurately
identify patients with better treatment response using the serum
CYFRA21-1 value was determined by sensitivity and specificity
estimated obtained by the area under the ROC curve (AUC)
statistic. To determine the optimal cut-off value of the percentage
change of serum CYFRA21-1 for screening the highly responsive
NSCLC patients, we chose the point on the ROC curve that
represented the highest sensitivity and specificity.We evaluated the
potential optimal cut-off percentage change in serumCYFRA21-1
change by screening the highly responsive patients.All testswere 2-
sided and P�0.05 was set as statistically significant. Data
management and all statistical analyses were performed by using
SAS version 9.4 software (SAS Institute Inc., Cary, NC).

3. Results

3.1. Patient characteristics and effectiveness
of chemotherapy

The 97 NSCLC study participants included 15 with PD, 36 with
PR, and 46 with SD. The patients had received 2 to 6 cycles of
chemotherapy. Most patients received gemcitabine and cisplatin
(GP) regimens or received gemcitabine and carboplatin (GC)
regimens. The demographic and clinical characteristics of the
patients and the effectiveness of NSCLC chemotherapy are
shown in Table 1. The percentage change in serum CYFRA21-1
and the prevalence of patients with weight loss ≥5% were both
significantly greater in those with PD than in those with DC.
Between-group differences in other variables including age, sex,
ECOG PS score, cigarette smoking, histological type, gross type,
clinical stage, and chemotherapy regimens did not reach
significance. Association between change of CYFRA21-1 and
efficacy of chemotherapy was described in Supplemental Table 1
(http://links.lww.com/MD/B479).

3.2. Association between serum CYFRA21-1 and
chemotherapy effectiveness

The effect of serumCYFRA21-1 on prediction of the effectiveness
of chemotherapy, as revealed by GLM, is shown in Table 2. The
rtile) on prediction of the efficacy of chemotherapy for NSCLC.

Model 1 Model 2

OR (95% CI) P OR (95% CI) P

f. 1.00 (1.00, 1.00) Ref. 1.00 (1.00, 1.00) Ref.
45 1.89 (0.13, 27.94) 0.645 1.89 (0.13, 27.94) 0.645
07 0.09 (0.01, 0.58) 0.012 0.09 (0.01, 0.58) 0.012
02 0.002 0.002

http://links.lww.com/MD/B479
http://www.md-journal.com


Figure 2. Predicted probability of chemotherapy effectiveness with the percentage change of serum CYFRA21-1.

Figure 3. Receiver-operating characteristic (ROC) curve and area under the
curve (AUC) showing the sensitivity and specificity of percentage change of
serum CYFRA21-1 to predict chemotherapy effectiveness.
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prevalence of DC in each of the 3 groups stratified by the
percentage change of serum CYFRA21-1 was 93.80%, 97.00%,
and 62.50% for decreases of 86.5%, 41.8%, and 6.4%,
respectively. With adjustment for potential confounders includ-
ing age, sex, ECOG PS score, weight loss, cigarette smoking,
histological types of cancer, gross type, clinical stage, and
chemotherapy regimens, the probability of DC was independent-
ly and negatively associated with the percentage change in serum
CYFRA21-1. The lowest percentage change in serum CYFRA21-
1 was associated with a significantly decreased probability of
chemotherapy effectiveness (P=0.012; Table 2). A negative
monotonic relationship between the effectiveness of chemother-
apy and the percentage change of CYFRA21-1 was also observed
(Ptrend=0.002 in model 1 and Ptrend=0.02 in model 2; Table 2
and Fig. 2), confirming that the percentage change of serum
CYFRA21-1 was an independent predictor, that is, a marker of
probable chemotherapy effectiveness. Consistent findings on
change of CYFRA21-1 were shown in Supplemental Table 2 and
Supplemental Fig. 1 (http://links.lww.com/MD/B479).

3.3. Estimated optimal cut-off percentage change
of serum CYFRA21-1 for prediction of chemotherapy
effectiveness

To estimate the optimal percentage change cut-off value for
predicting probable DC, we chose the point, based on the ROC
analysis, which had the greatest combined specificity and
sensitivity. As shown in Fig. 3 and Table 3, the AUC statistic
(95% CI) for the optimal percentage change was 0.84
(0.69–0.98). After adjusting for potential confounding factors,
the optimal cut-off point for predicting early DC after the first
cycle of chemotherapy was a 17.5% increase in serum
CYFRA21-1 (P<0.001).

4. Discussion

Advances in treatment of malignant tumors have increased the
need for tools for early evaluation of therapy effectiveness and
optimization of patient management. In advanced NSCLC,
4

CYFRA21-1 has value in predicting radiologic OR to chemo-
therapy after the first or second treatment cycle.[25,28] In this
study, we evaluated the relationship of percentage change in
serum CYFRA21-1 after the first cycle of chemotherapy with
radiologic DC in advanced NSCLC patients. Association
between the change of CYFRA21-1 and the progression of
NSCLC were also investigated and we found a good consistency
as the percentage change of serum CYFRA21-1 (Supplemental
Table 1, Supplemental Table 2, and Supplemental Fig. 1, http://
links.lww.com/MD/B479). As the value of CYFRA21-1 change
would be significantly affected by its baseline level, so we do not
think it was a good option like the percentage change of the serum
CYFRA21-1, and the related results were not provided in the
main text of the manuscript.

http://links.lww.com/MD/B479
http://links.lww.com/MD/B479
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Table 3

The prediction of chemotherapy efficacy by the percentage change of serum CYFRA21-1.

AUC (95% CI) SE Sensitivity (%) Specificity (%) Cut-off P

0.84 (0.69,0.98) 0.07 93.90 73.33 17.5% <0.001

AUC= area under the curve, CI= confidence interval, SE= standard error.
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The results in Table 1 indicate after the first cycle of
chemotherapy, the percentage change in serum CYFRA21-1 in
the DC subgroup resulted in concentrations that were signifi-
cantly lower than those observed in the PD subgroup (P<0.001).
Two recent studies byHoldenrieder et al reported similar changes
in serum CYFRA21-1 concentration.[29,30] The GLM models
revealed that a negative percentage change in the serum
CYFRA21-1 concentration was independently associated with
the effectiveness of chemotherapy in these NSCLC patients (P=
0.012; Table 2). In addition, linear trend analysis also confirmed
a negative monotonic relationship between the effectiveness of
chemotherapy and the change in CYFRA21-1 concentration
(Table 2 and Fig. 2). Thus, small percentage decreases (ie, a low
negative percentage change) in concentration indicated a
decreased probability of DC. The few previous studies of the
association between the change in serum CYFRA21-1 and
radiologic ORR after 2 cycles of chemotherapy have not been
consistent. Yang et al[23] found a positive association between
radiologic OR and CYFRA 21-1 response (≥20% reduction over
baseline level) by logistic analysis, but Hamzaoui et al[24]

reported that there was no correlation between change of
CYFRA21-1 level and radiologic ORR in a series of 63 patients
with advanced NSCLC. The lack of association between change
in CYFRA21-1 and radiologic ORRmight have been related to a
cut-off value that was not determined by ROC curve analysis and
the small number of patients. The negative monotonic relation-
ship between the effectiveness of chemotherapy and the
percentage change in CYFRA21-1 was observed in both model
1 (Ptrend=0.002) and model 2 (Ptrend=0.02; Table 2 and Fig. 2).
These analyses confirm that the percentage change in serum
CYFRA21-1 change was an independent predictor or potential
marker of chemotherapy effectiveness.
The identification of the optimal percentage change cut-off in

serumCYFRA21-1 is a key result, and it was found to be effective
in predicting DC or PD (P<0.001; Table 3 and Fig. 3) after the
first cycle of chemotherapy. The 17.5% cut-off value had a high
sensitivity (93.90%) and specificity (73.33%), and ROC curve
analysis showed it efficiently distinguished advanced NSCLC
patients with radiologic DC or PD early in clinical practice.
The optimum CYFRA21-1 cut-off value in this patient series

was a 17.5% increase after the first cycle of chemotherapy, but a
previous study reported that a 35% decline of CYFRA21-1 was
the optimum cut-off value after the second cycle of chemothera-
py.[26] This study reached the same conclusion as the previous
one, but there was a difference in the cut-off value. The reasons
for this inconsistency may be related to the difference between
DC and PD in the radiologic RECIST version 1.1 criteria, a 20%
increase in long diameter that implies an increase of tumor
burden associated with an increase of serum CYFRA21-1. This
study applied the RECIST1.1 criteria, as they are now the gold
standard, but the previous study followed WHO criteria. The
RECIST PD criteria are more stringent,[6] and may involve a
greater increase of tumor burden when the evaluation is PD
leading to an increase of cut-off value. Finally, the interval
evaluated in this study was pretreatment to completion of the first
cycle of chemotherapy and the interval in the previous study[26]
5

was to the end of the second cycle of chemotherapy, and the
difference in timing might have influenced the cut-off value. In
light of this, the cut-off value determined in this study is credible,
practical, and predictive.
5. Conclusions

In conclusion, the percentage change of serum CYFRA21-1 after
the first cycle of chemotherapy effectively predicted DC or PD in
advancedNSCLC patients with elevated serumCYFRA21-1. The
cut-off value of 17.5% may help clinicians to conveniently
predict the treatment response, effectiveness of chemotherapy, or
PD radiologically by CT earlier than in the past. An increase in
serum CYFRA21-1 of 17.5% or more in advanced NSCLC
patients receiving chemotherapy might permit adjusting the
treatment regimen sooner than possible with traditional
radiologic evaluation. In contrast, if the effectiveness of
chemotherapy is supported by radiologic DC, then patients
could continue with the original chemotherapy regimen.
Due to the limitations of retrospective studies and small

cohorts of eligible patients, large, multicenter, randomized
controlled clinical trials should be carried out to confirm the
conclusion of this study and to determine a more precise cut-off
value. The next steps are to study the relation of CYFRA21-1
change and prognosis, dynamic CYFRA21-1 change and
chemotherapy effectiveness, and changes of additional serum
tumor markers with chemotherapy outcome.

Acknowledgment

We gratefully acknowledge Associate Professor Wenquan Niu of
RuiJin Hospital, Shanghai Jiao Tong University School of
Medicine, for his valuable suggestions in the manuscript
preparation.

References

[1] Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 2012. CA
Cancer J Clin 2015;65:87–108.

[2] Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015. CA
Cancer J Clin 2016;66:115–32.

[3] Molina JR, Yang P, Cassivi SD, et al. Non-small cell lung cancer:
epidemiology, risk factors, treatment, and survivorship. J Mayo Clin
Proc 2008;83:584–94.

[4] NCCN. The NCCN non-small cell lung cancer clinical Practice
Guidelines in Oncology (version7. 2015) EB/OL. Fort Washington:
NCCN, 20152015-06-11. Available at: http://www.nccn.org/professio
nals/physician_gls/f_guidelines.asp#nscl. Accessed May 18, 2016.

[5] Pfister DG, Johnson DH, Azzoli CG, et al. American Society of Clinical
Oncology treatment of unresectable non-small-cell lung cancer guideline:
update 2003. J Clin Oncol 2004;22:330–53.

[6] Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to evaluate
the response to treatment in solid tumors (RECIST guidelines). J Natl
Cancer Inst 2009;92:205–16.

[7] Lara PN, Redman MW, Kelly K, et al. Disease control rate at 8 weeks
predicts clinical benefit in advanced non-small cell lung cancer results
from southwest oncology group randomized trials. J Clin Oncol
2008;26:463–7.

[8] Jin Y, Ye X, Shao L, et al. Serum lactic dehydrogenase strongly predicts
survival in metastatic nasopharyngeal carcinoma treated with palliative
chemotherapy. Eur J Cancer 2013;49:1619–26.

http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://www.md-journal.com


[9] Jin Y, Sun Y, Shi X, et al. Prognostic value of circulating C-reactive [21] Wang J, Yi Y, Li B, et al. CYFRA21-1 can predict the sensitivity to

Zhao et al. Medicine (2016) 95:52 Medicine
protein level in patients with non-small cell lung cancer: a systematic
review with meta-analysis. J Cancer Res Ther 2014;(Suppl):C160–6.

[10] Jin Y, Zhao L, Peng F. Prognostic impact of serum albumin level on the
recurrence of stage I non-small cell lung cancer. Clinics (Sao Paulo)
2013;68:686–93.

[11] Moll R, Franke WW, Schiller DL, et al. The catalog of human
cytokeratins: patterns of expression in normal epithelia, tumors and
cultured cells. Cell 1982;31:11–24.

[12] Vollmer RT, Govindan R, Graziano SL, et al. Serum CYFRA21-1 in
advanced stage non-small cell lung cancer: an early measure of response.
Clin Cancer Res 2003;9:1728–33.

[13] Mizuguchi S, Nishiyama N, Iwata T, et al. Serum Sialyl Lewis x and
cytokeratin 19 fragment as predictive factors for recurrence in patients
with stage I non-small cell lung cancer. Lung Cancer 2007;58:369–75.

[14] Park SY, Lee JG, Kim J, et al. Preoperative serum CYFRA 21-1 level as a
prognostic factor in surgically treated adenocarcinoma of lung. Lung
Cancer 2013;79:156–60.

[15] Vollmer RT, Govindan R, Graziano SL, et al. Serum CYFRA 21-1 in
advanced stage non-small cell lung cancer: an early measure of response.
Clin Cancer Res 2003;9:1728–33.

[16] Edelman MJ, Hodgson L, Rosenblatt PY, et al. CYFRA 21-1 as a
prognostic and predictive marker in advanced non-small-cell lung cancer
in a prospective trial: CALGB 150304. J Thorac Oncol 2012;7:649–54.

[17] Lin XF, Wang XD, Sun DQ, et al. High serum CEA and CYFRA21-1
level after a two-cycle adjuvant chemotherapy for NSCLC: possible poor
prognostic factors. Cancer Biol Med 2012;9:270–3.

[18] Barlési F, Tchouhadjian C, Doddoli C, et al. CYFRA 21-1 level predicts
survival in non-small-cell lung cancer patients receiving gefitinib as third-
line therapy. Br J Cancer 2005;92:13–4.

[19] Tanaka K, Hata A, Kaji R, et al. Cytokeratin 19 fragment predicts the
efficacy of epidermal growth factor receptor-tyrosine kinase inhibitor in
non-small-cell lung cancer harboring EGFR mutation. J Thorac Oncol
2013;8:892–8.

[20] Fiala O, Pesek M, Finek J, et al. Predictive role of CEA and CYFRA 21-1
in patients with advanced-stage NSCLC treated with erlotinib.
Anticancer Res 2014;34:3205–10.
6

chemoradiotherapy of non-small-cell lung carcinoma. Biomarkers
2010;15:594–601.

[22] Ardizzoni A, Cafferata MA, Tiseo M, et al. Decline in serum
carcinoembryonic antigen and cytokeratin 19 fragment during chemo-
therapy predicts objective response and survival in patients with
advanced nonsmall cell lung cancer. Cancer 2006;107:2842–9.

[23] Yang L, Chen X, Li Y, et al. Declines in serum CYFRA21-1 and
carcinoembryonic antigen as predictors of chemotherapy response and
survival in patients with advanced non-small cell lung cancer. Exp Ther
Med 2012;4:243–8.

[24] Hamzaoui A, Thomas P, Castelnau O, et al. Usefulness of longitudinal
evaluation of Cyfra 21-1 variations in advanced lung cancer monitoring.
Lung Cancer 1997;16:191–202.

[25] Merle P, Janicot H, FilaireM, et al. Early CYFRA 21-1 variation predicts
tumor response to chemotherapy and survival in locally advanced non-
small cell lung cancer patients. Int J Biol Markers 2004;9:310–5.

[26] Nisman B, Biran H, Heching N, et al. Prognostic role of serum
cytokeratin 19 fragments in advanced non-small-cell lung cancer:
association of marker changes after two chemotherapy cycles with
different measures of clinical response and survival. Br J Cancer
2008;98:77–9.

[27] Alm El-Din MA, Farouk G, Nagy H, et al. The Role of Cytokeratin-19
fragments, nucleosomes and neuron-specific enolase as early measures of
chemotherapy response in non-small cell lung cancer. Int J Biol Markers
2012;27:e139–46.

[28] Wang J, Zhang N, Li B, et al. Decline of serum CYFRA21-1 during
chemoradiotherapy of NSCLC: a probable predictive factor for tumor
response. Tumour Biol 2011;32:689–95.

[29] Holdenrieder S, von Pawel J, Dankelmann E, et al. Nucleosomes and
CYFRA 21-1 indicate tumor response after one cycle of chemother-
apy in recurrent non-small cell lung cancer. Lung Cancer
2009;63:128–35.

[30] Holdenrieder S, Stieber P, Von Pawel J, et al. Early and specific prediction
of the therapeutic efficacy in non-small cell lung cancer patients by
nucleosomal DNA and cytokeratin-19 fragments. Ann N Y Acad Sci
2006;1075:244–57.


	CYFRA 21-1 is an early predictor of chemotherapeutic effectiveness in advanced nonsmall cell lung cancer
	Outline placeholder
	2 Methods
	2.4 Statistical analysis

	3 Results
	3.2 Association between serum CYFRA21-1 and chemotherapy effectiveness
	3.3 Estimated optimal cut-off percentage change of serum CYFRA21-1 for prediction of chemotherapy effectiveness

	4 Discussion
	Acknowledgment
	References




