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clinical characteristics, treatment schemes, and 
survival outcomes in detail, which provided a 
comprehensive and updated picture of Chinese 
mCRC patients.

The median age of mCRC patients in third-line 
setting during 2013 to 2020 was 58 years old, 
and there were more male CRC patients than 
females, which was in accordance with previous 
studies26 and further confirmed the preventive 
effect of estrogen on CRC.27 In our study, 31.7% 
of patients presented with Tumor Node 
Metastasis (TNM) stage III and 56.9% identi-
fied with stage IV at initial diagnosis. The per-
centage of mCRC patients is larger than that 
reported in other countries,28 which may result 
from the differences in study samples and relative 

lower prevalence of early screening for CRC than 
western countries. More than 20% of patients 
had their primary tumors in the ascending colon, 
whereas left-sided CRC was diagnosed in nearly 
70% of patients. Ageing is one of the reasons of 
the increased incidence rate of right-sided CRC, 
and the rightward shift in the primary tumor site 
of CRC was also verified in previous studies.29

As expected, the most commonly used first-line 
and second-line treatment regimens in our study 
were oxaliplatin-based therapies (69.3%) and 
irinotecan-based therapies (72.5%), which was in 
line with other real-world investigations.25 From 
2013 to 2019, we found that more and more 
patients had access to third-line therapy in our 
data, but the median treatment cycle in third-line 

Figure 2. The survival curves of all patients in different groups. (a) and (b) The PFS curves of patients 
stratified by third-line treatment (a) and front-line treatment benefits (b). (c)–(e) The overall survival curves of 
patients stratified by third-line treatment (c), later-line treatment (d) and the resection of primary tumor (e).
PFS, progression-free survival.
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was less than that in front-line. Despite the lack of 
consensus on third-line treatment, the majority of 
patients moved back to their previously used ther-
apies including chemotherapeutic drugs (rechal-
lenge rate: 65%) and targeted agents (rechallenge 
rate: 47.8%). Our study also found that chemo-
therapy combined with or without targeted drugs 
remained the mainstream choice of third-line 
treatment at that time, which was controversial to 
the guidelines for CRC. This gap between clinical 
practice and guidelines may be due to drug acces-
sibility, patients’ preference, economic status, 
and physicians’ decisions.

A large number of studies have evaluated the effi-
ciency of different treatment options for third-line 
treatment of mCRC. In addition to the standard 
third-line recommended drugs regorafenib16,30 
and fruquintinib,31 the efficacy of other anti-angi-
ogenic agents, such as apatinib32 and anlotinib,33 
was verified. However, the ORR and survival out-
comes of the third-line anti-angiogenic therapy in 
our study are slightly inferior to previous data, 
which may result from the limited samples in this 
group. Besides, a retrospective study discovered 
that patients treated with TAS-102 had better 
tumor response and disease control than patients 
treated with regorafenib,34 indicating the superior-
ity of chemotherapeutic drugs in third-line setting. 
The clinical benefit rate of oxaliplatin or irinote-
can-based rechallenge was reported to be 75.5%.35 
From the Retreatment with Oxaliplatin-Based 
Regimenin Metastatic Colorectal Cancers 
(RETROX-CRC) retrospective study collecting 
119 mCRC patients, the ORR and DCR of 

oxaliplatin retreatment were recorded as 21.6% 
and 57.8%, respectively.36 Our study also found 
that the DCR of chemotherapy ± targeted drugs 
in the third-line setting could reached 61.3%, and 
the survival of those patients was longer than that 
of patients receiving anti-angiogenic monother-
apy, which was consistent with another Japanese 
study.24 Conversely, a retrospective multicenter 
clinical analysis containing 105 patients with 
mCRC concluded that anlotinib (n = 35) had bet-
ter clinical efficiency as a third-line treatment than 
chemotherapy (n = 35) and similar to fruquintinib 
or regorafenib (n = 35).33 The chemotherapy regi-
men included irinotecan combined with ralti-
trexed or raltitrexed only in their study.33 The 
inferiority of chemotherapy might be related to 
drug selection to some extent. Those inconsistent 
results from small sample indicate that there is an 
urgent need for studies with larger sample size for 
stratified analysis in third-line decision-making.

However, biomarkers to guide the choice of third-
line or later-line management remain unclear. The 
efficacy of regorafenib might be associated with 
specific genetic aberrations, such as APC mutation 
and FGFR1 amplification.37 Additional analyses 
of RAS/RAF status could contribute to the selec-
tion of mCRC patients who are likely to benefit 
from third-line anti-EGFR drugs, regardless of pri-
mary tumor location.38 Except for genetic status, 
pretreatment neutrophil-to-lymphocyte ratio, and 
carcinoembryonic antigen (CEA) levels could 
serve as potential biomarkers for patient selection, 
and treatment-induced neutropenia predicted 
response of TAS-102.39 The latest discovery 

Figure 3. The OS curves based on drugs used in the whole-course of mCRC. (a) OS curves according to drugs 
types (chemotherapy, anti-angiogenic therapy, anti-EGFR therapy, immunotherapy). (b) OS curves according to 
drugs amounts.
EGFR, epidermal growth factor receptor; mCRC, metastatic colorectal cancer; OS, overall survival.
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suggests that codon-specific KRAS mutations can 
predict survival benefit of TAS-102.40 In our study, 
we found that the benefits from front-line therapy 
was an independent indicator for PFS of third-line 
therapy. The similar results were reported in 
another chemotherapy rechallenge study from 
Turkey.41 Undoubtedly, these above conclusions 
need to be further verified in larger studies.

Since there are multiple options for later-line ther-
apy of mCRC patients at present, rational treat-
ment sequencing is critical to further prolong their 
survival. Previous study concluded that the thera-
peutic sequence of regorafenib followed by cetuxi-
mab suggested a longer OS than the opposite 
sequence,42 demonstrating the importance of 
optimized arrangement. Although we did not 
make an in-depth analysis of the sequence of the 
later-line treatment, we found that patients treated 
with more effective drugs could achieved better 
prognosis, and receiving fourth-line or above 
treatment was an independent protective factor 
for OS, which also confirmed the essential role of 
management of later-line treatment of mCRC.

This study had several limitations. First, the status 
of molecular markers, especially the RAS/RAF 
status, is important and essential information for 
guiding treatment decisions in patients with 
mCRC. RAS/RAF mutations are associated with 
patient prognosis and treatment choices, and vari-
ous guidelines consider RAS/RAF status as the 
most important stratification factor. However, in 
this retrospective study, we only collected detailed 
genetic testing results from 125 patients (includ-
ing 67 RAS/RAF wild-type and 58 RAS/RAF 
mutant-type) from electronic medical records and 
ultimately failed to conduct statistical analysis of 
RAS/RAF status. In the future, we will try to track 
the genetic test results of these patients again for 
biomarker analysis. The survival of the anti-angio-
genic monotherapy group in this study was slightly 
worse than the results of clinical trials, which may 
be related to the RAS/RAF status of patients in 
this group. In addition to the genetic detection 
results, adverse effects were not recorded in detail 
in the electronic medical records due to outpatient 
treatment; thus, we did not describe and analyze 
these characteristics. Second, our sample popula-
tion was from a single tertiary hospital and was 
relatively small compared to the worldwide col-
laborative CRC database, and thus discrepancies 
with other datasets cannot be excluded. Lastly, 

our research was retrospective in nature. We col-
lected consecutive mCRC patients who received 
third-line therapy between January 2013 and 
December 2020; thus, the calculation of the sam-
ple size selected in this study was not performed. 
The convincing power was limited. However, the 
high uniformity of therapy procedures and patient 
follow-up throughout the entire study period can 
help guarantee our conclusions. Larger prospec-
tive trails or real-world analyses are needed to fur-
ther consolidate our findings.

Conclusion
To conclude, chemotherapy combined with or 
without targeted therapy remained dominated 
in the third-line treatment and showed more 
favorable efficacy than anti-angiogenic mono-
therapy in this real-world study of mCRC, sug-
gesting that in the era of rapid progress in the 
targeted therapy and immunotherapy, the use of 
traditional chemotherapy in the third-line set-
ting can still bring favorable survival benefits to 
patients with mCRC. It is also indicated that in 
the third-line decision-making, just like choos-
ing regorafenib or TAS-102, clinicians can also 
consider traditional chemotherapy, especially in 
suitable patients, which may leave more drug 
choices in their later-line therapy. Our research 
indeed confirmed that the more drugs used 
throughout the entire course of mCRC, the 
more likely they are to achieve long-term sur-
vival. However, because of the limited sample 
size and incomplete biomarker data, our study 
is difficult to further analyze and find biomarker 
to guide stratified treatment, in other words, 
which group of patients are more suitable for 
particular chemotherapy or anti-angiogenic 
monotherapy or others. Future research with a 
large sample size and detailed biomarker data 
will ultimately achieve a roadmap for the third-
line stratified treatment.
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