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Abstract

Background: Fruquintinib is a third-line and subsequent targeted therapy for patients with
metastatic colorectal cancer (mCRC). Identifying survival predictors after fruquintinib is
crucial for optimizing the clinical use of this medication.

Objectives: We aimed to identify factors influencing the prognosis of patients with mCRC
treated with fruquintinib and to leverage these insights to develop a nomogram model for
estimating survival rates in this patient population.

Design: Multicenter retrospective observational study.

Methods: We collected patient data from January 2019 to October 2023, with one healthcare
institution’s data serving as the training cohort and the other three hospitals” data serving as
the multicenter validation cohort. The nomogram for overall survival was calculated from Cox
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Results: Data were ultimately collected on 240 patients, with 144 patients included in the
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Bo Wang
metastatic and pathological differentiation. The C-index of the nomogram in the training set Peng Cao

Colorectal Cancer Center,

and multicenter validation was 0.714 and 0.729, respectively. The models were fully calibrated  \yect china Hospital,

and their predictions aligned closely with the observed data. DCA curves indicated the gf:::;ng:ZELSa';VChma
promising clinical benefits of the predictive model. Finally, the reliability of the model was also . yvun Luo
verified through the risk classification using the nomogram. gsss:rmcear:irﬁ\g:sglrnal
Conclusions: We constructed a nomogram for mCRC treated with fruquintinib based on six Shang Jin Hospital of West
variables that may be used to assist in personalizing the use of the drug. S::C:rgl‘:;p'cfénsg';:“a”
Sichuan, China
Plain language summary e ot
A nomogram for predicting 0S after application of fruquintinib in patients with mCRC 23:2::3%1”'::‘ Hospital,
The prognostic predictors of fruquintinib as a third-line and subsequent treatment agent Kai Wang
for patients with mCRC have not been established. In this study, we explored possible petiute for Emergency
factors influencing its prognosis and developed a nomogram model for estimating survival L’Iziv';'gzlsplgzslaens
ratesin this patient population. The nomogram, based on six key variables including CA199, Hospital, University of
BMI, T stage, primary tumor site, other metastatic sites, and pathological differentiation, Eiﬁ;g[‘;gfi‘fgﬁﬁ;”d
was validated through a rigorous multicenter validation process. The nomogram has the Chengdu, Sichuan, China
potential to help clinicians personalize the use of fruquintinib for mCRC patients. *These authors

contributed equally

journals.sagepub.com/home/tag 1

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology Volume 17

Keywords: fruquintinib, metastatic colorectal cancer, nomogram, overall survival

Received: 28 March 2024; revised manuscript accepted: 30 August 2024.

Introduction

Metastatic colorectal cancer (mCRC) has a high
incidence, poor prognosis, and low 5-year sur-
vival rate.l® The current first- and second-line
approach to the treatment of mCRC is systemic
chemotherapy (5-fluorouracil plus irinotecan or
oxaliplatin) in combination with molecularly tar-
geted therapies such as anti-angiogenic drugs or
anti-epidermal growth factor receptor (EGFR)
drugs.”® Unfortunately, a significant number of
patients who have undergone first- or second-line
therapy develop drug resistance or tumor pro-
gression and enter backline therapy. Currently,
regorafenib, an antiangiogenic multikinase inhibi-
tor,® and trifluridine-tipiracil (TAS-102), a fluo-
ropyrimidine derivative,'® have alleviated the
druglessness of the backline treatment of
mCRC.!! However, because of limited efficacy,
there is still an unmet clinical need for backline
treatment options for mCRC.

Fruquintinib is a highly selective oral tyrosine
kinase inhibitor (TKI) that targets VEGFR1-3
and acts as an antitumor agent by inhibiting angi-
ogenesis.!2 The FRESCO and FRESCO-2 studies
confirmed that patients with mCRC have the
opportunity to benefit from fruquintinib treat-
ment, which improves patients’ outcomes and has
a good safety profile with manageable drug side
effects during treatment.!®!% Although the two
large clinical studies described above suggest that
fruquintinib is effective, there may be differences
in fruquintinib sensitivity in response to different
conditions, such as patient’s underlying condi-
tion, clinical disease characteristics, and treat-
ment-related data, which may affect its efficacy.
Identifying candidate patients most likely to ben-
efit from fruquintinib treatment is therefore an
unmet need in the mCRC therapeutic area. There
is currently no model to assess the prognosis of
mCRC patients treated with fruquintinib, nor is
there a consensus or strategy for selecting appro-
priate patients to receive fruquintinib therapy.

Our goal is to develop a nomogram for predicting
the prognosis of mCRC patients treated with
fruquintinib, to assess the individualized differ-
ences in the clinical application of fruquintinib

and thus to find advantageous populations to
benefit from it, and to meet the conditions of
today’s precision medicine and individualized
dosing.

Methods

Patients

We retrospectively evaluated the data from
patients who had received fruquintinib as a third
or beyond line of treatment for mCRC from
January 2019 to October 2023 at four hospitals in
China. Inclusion criteria were (1) histologically
confirmed mCRC; (2) disease progression or
intolerance with first- or second-line therapy; and
(3) the backline regimen is fruquintinib-based
therapy. Cases with unknown information on
demographic and clinical variables were excluded
(Figure 1). Two hundred forty cases were ulti-
mately included and analyzed in this study; 144
patients from 1 hospital were included in the
training cohort and 96 patients from the other 3
hospitals were included in the multicenter valida-
tion cohort. This retrospective study was approved
by the Research Ethics Committee on Biomedical
Research (RECBR), West China Hospital of
Sichuan University.

Data collection and variables

Demographic information, clinical disease char-
acteristics, and treatment data were collected
from the medical records of eligible patients.
Gender, age, and fundamental disease were col-
lected as demographic information. Clinical char-
acteristics included monocyte-to-lymphocyte
ratio (MLR), neutrophil-to-lymphocyte ratio
(NLR), prognostic nutritional index (PNI), CEA,
CA199, and body mass index (BMI) before the
application of fruquintinib. Disease characteris-
tics included T and N stage, primary tumor loca-
tion (the portion from the cecum to the right
two-thirds of the transverse colon was defined as
the tumor’s primary site on the right side, and the
remaining portion of the colon and rectum was
defined as the primary focus on the left side), sin-
gle or multiple metastases, metastatic site, RAS
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Patients in four hospitals from January 2019

through October 2023,N=275

(Dhistologically and imaging confirmed mCRC;
(2)disease progression or intolerance with first- or

second-line therapy;

(3) use of third or back line therapy based on

fruquintinib

( Exclude
Information on demographic and

L clinical variables unknown(N=35)

Training cohort
N=144

Multicenter validation Cohort
N=96

Figure 1. Illustration of the study design for the inclusion and exclusion criteria for patient enrollment.

mCRC, metastatic colorectal cancer.

and BRAF gene mutation status, and level of
pathological differentiation. Treatment history
included primary tumor or metastatic site lesion
surgery, radiotherapy, and also whether EGFR,
VEGPFR inhibitors, and fruquintinib therapeutic
lineage were applied in previous treatment. In
addition to the above, survival status was also col-
lected. Overall survival (OS) was defined as sur-
vival from the start of fruquintinib use to all-cause
death.

Statistical analysis

We have converted continuous variables to cate-
gorical variables based on predefined cut-off val-
ues. Categorical variables were described in the
form of frequencies and proportions. Pearson’s
Chi-squared test and Fisher’s exact test were used
to compare the distributions of the hypothesized
variables between the training and validation
cohorts. A nomogram was established by screen-
ing prognostic factors for mCRC patients based
on the Cox proportional hazards model and clini-
cal experience.

Besides, the study utilized the concordance index
(C-index), calibration curves, and decision curve
analyses (DCA) as tools for evaluating the model.

The C-index was utilized to measure the accuracy
and discriminative ability of the variables included
in the nomogram. Calibration curves, generated
using 1000 bootstrap resamples, were used to
assess the calibration of the nomogram.
Furthermore, DCA was employed to evaluate the
clinical utility of the nomogram.

Finally, a risk stratification system was developed
by categorizing patients into two distinct groups
(low and high) according to their total scores.
This risk stratification system was implemented
in both study populations.

In this research, statistical significance was
defined as p<<0.05 (bilateral). R software (ver-
sion 4.2.2; R Foundation for Statistical
Computing, Vienna, Austria) and MSTATA
software (https://www.mstata.com/) were used
for all statistical analyses. The R packages used in
this article are listed below: dplyr, rms, survival,
timeROC, riskRegression, survminer, regplot,
nomogramFormula, and survcomp.

The reporting of this study conforms to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement
(Supplemental Material).15
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Results

Demographic and baseline characteristics
Demographic and baseline characteristics of the
total, training, and multicenter validation popula-
tions are presented (Table 1). In our study, half of
the patients were elderly (>60years), mostly male
with underlying disease. Most of the patients had
a BMI within the normal range, and the T stage
was 3 or 4 with lymph node metastasis. The
majority of patients had a primary site on the left
side and had multiple metastases, with liver metas-
tases predominating, followed by lung metastases.
Nearly half of the patients displayed the wild-type
of the RAS gene, while nearly all showed the wild-
type of the BRAF gene. More than two-thirds of
the patients were moderately differentiated. In
terms of treatment strategy, more than 80% of
patients underwent surgery at the primary site,
while less than half underwent radiotherapy or
surgery at the metastatic site. VEGFR inhibitors
were applied to the vast majority of patients. The
above showed the same trend in the training set
and the multicenter validation set.

Survival and prognostic factors of mCRC

treated with fruquintinib

The median OS of the training cohort was
12.1months (95% confidence interval (CI) 11.0—
12.9). The OS rates at 6, 9, and 12months were
89%, 71%, and 51%, respectively. In univariate
Cox regression analysis, the following variables
exhibited a significant association with survival:
CA199, BMI, the primary site of tumor, other
metastases, BRAF gene mutation, and pathologi-
cal differentiation. In addition to the above varia-
bles, we included the following variables in a
multivariate Cox regression analysis based on
known possible influencing factors and clinical
experience: T and N stage, presence of liver, lung,
lymph node, peritoneal, and other metastases,
RAS and BRAF gene mutations, pathological dif-
ferentiation, primary or metastatic site surgery,
radiotherapy, EGFR and VEGFR inhibitors,
fruquintinib therapeutic lineage. However, only
CA199, BMI, T stage, and other metastatic and
pathological differentiation proved to be signifi-
cant independent OS prognostic factors (Table 2).

Construction and multicenter validation of the
nomogram

A nomogram was developed to predict OS at 6, 9,
and 12months using the prognostic factors

mentioned earlier (Figure 2). The C-index was
0.714 (95% CI 0.663-0.765), and the corre-
sponding areas under curve (AUCs) were 73.0%,
78.8%, and 80.6% at the 6, 9, and 12months
(Figure 3(a)). There was a good agreement
between the predicted and actual probabilities,
evidenced from the calibration curves which
closely align with the 45° line (Figure 4(a)—(c)).

The nomograms also showed satisfactory dis-
crimination in the multicenter validation cohort.
The C-index was 0.729 (95% CI 0.674-0.784),
and the AUCs for 6, 9, and 12months were
73.0%, 73.4%, and 69.5%, respectively (Figure
3(b)). The calibration curves demonstrated good
concordance between the predicted probabilities
and the actual outcomes (Figure 4(d)—(f)).
Additionally, in both the training set (Figure
5(a)—(c)) and multicenter validation set (Figure
5(d)—(f)), DCA illustrated considerable positive
net benefits in the predictive model across a range
of threshold probabilities for 6-, 9-, and 12-month
OS. This suggested that the predictive model has
good potential clinical outcomes.

A risk classification system for OS was created
based on the proposed model. Patients from both
the training and validation groups were catego-
rized into either low-risk or high-risk prognostic
cohorts. The Kaplan—Meier curves delineating two
risk classification groups indicated a clear distinc-
tion in OS outcomes between the cohorts. The
low-risk prognostic group exhibited significant sur-
vival advantages compared to the high-risk groups
(p<<0.001) (Figure 6). It also shows that risk strat-
ification has a high degree of accuracy.

Discussion

The utilization of fruquintinib in treating mCRC
is becoming increasingly prevalent. However,
there is limited information regarding the survival
outcomes of patients treated with fruquintinib
and the factors that influence patient survival. To
our knowledge, this is the first study that develops
a strategy for selecting appropriate patients for
the treatment of mCRC with fruquintinib. In our
study, CA199 in the normal range (<30),
BMI = 24, T stage as small as possible, tumor pri-
mary site on the left side, no other metastases,
and pathologically highly differentiated may be
correlated with a better prognosis in patients
using fruquintinib, and the abovementioned
probable factors were well validated.
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Table 1. Patient demographics and baseline characteristics.

Characteristic Cohort p Value?
Overall, N=240, Training cohort, Multicenter validation
n (%) N=144, n (%) cohort, N=96, n (%)

Age 0.065
<60 120 (50.0) 65 (45.1) 55 (57.3)
=60 120 (50.0) 79 (54.9) 41 (42.7)

Sex 0.419
Male 145 (60.4) 90 (62.5) 55 (57.3)
Female 95 (39.6) 54 (37.5) 41 (42.7)

Fundamental disease 0.204
No 84 (35.0) 55 (38.2) 29 (30.2)
Yes 156 (65.0) 89 (61.8) 67 (69.8)

MLR 0.593
<05 140 (58.3) 86 (59.7) 54 (56.3)
=05 100 (41.7) 58 (40.3) 42 (43.8)

NLR 0.002
<3 117 (48.8) 82 (56.9) 35(36.5)
=3 123 (51.3) 62 (43.1) 61(63.5)

PNI 0.382
<45 88 (36.7) 56 (38.9) 32(33.3)
=45 152 (63.3) 88 (61.1) 64 (66.7)

CEA 0.916
<5 36 (15.0) 22 (15.3) 14 (14.6)
5-50 98 (40.8) 57 (39.6) 41 (42.7)
50-500 83 (34.6) 52 (36.1) 31(32.3)
~500 23(9.6) 13(9.0) 10(10.4)

CA199 0.212
<30 98 (40.8) 53 (36.8) 45 (46.9)
30-300 90 (37.5) 60 (41.7) 30(31.3)
=300 52 (21.7) 31(21.5) 21(21.9)

(Continued)
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Table 1. (Continued)
Characteristic Cohort p Value?
Overall, N=240, Training cohort, Multicenter validation
n (%) N=144, n (%) cohort, N=96, n (%)
BMI 0.298
<185 26 (10.8) 17 (11.8) 9(9.4)
18.5-24 161 (67.1) 100 (69.4) 61(63.5)
=24 53 (22.1) 27 (18.8) 26 (27.1)
T stage 0.775
2 12 (5.0) 6 (4.2) 6(6.3)
3 112 (46.7) 68 (47.2) 44 (45.8)
4 116 (48.3) 70 (48.6) 46 (47.9)
N stage 0.098
0 38(15.8) 26 (18.1) 12(12.5)
1 130 (54.2) 82 (56.9) 48 (50.0)
2 72 (30.0) 36 (25.0) 36 (37.5)
Primary site of tumor 0.792
Right 48(20.0) 28 (19.4) 20 (20.8)
Left 192 (80.0) 116 (80.6) 76 (79.2)
Metastasis 0.164
Solitary 61(25.4) 32(22.2) 29 (30.2)
Multiple 179 (74.6) 112(77.8) 67 (69.8)
Liver metastasis 0.955
No 77 (32.1) 46(31.9) 31(32.3)
Yes 163 (67.9) 98 (68.1) 65 (67.7)
Lung metastasis 0.096
No 97 (40.4) 52 (36.1) 45 (46.9)
Yes 143 (59.6) 92 (63.9) 51 (53.1]
Lymphati_c node 0.146
metastasis
No 144.(60.0) 81(56.3) 63 (65.6)
Yes 96 (40.0) 63 (43.8) 33 (34.4)
[Continued]

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

X-XWang, Y-W Zhou et al.

Table 1. (Continued)

Characteristic

Cohort

Overall, N=240,
n (%)

Training cohort,
N=144, n (%)

Multicenter validation
cohort, N=96, n (%)

p Value?

Peritoneal metastasis
No
Yes

Other metastasis
No
Yes

RAS gene mutation
No
Yes

BRAF gene mutation
No
Yes

Pathological
differentiation

Poorly
Moderately
Well
Primary site surgery
No
Yes
Metastasis site surgery
No
Yes
Radiotherapy
No
Yes
EGFR
No

Yes

201 (83.8)
39 (16.3)

162 (67.5)
78 (32.5)

134 (55.8)
106 (44.2)

224 (93.3)
16 (6.7)

36 (15.0)
189 (78.8)
15 (6.3)

44(18.3)
196 (81.7)

150 (62.5)
90 (37.5)

191 (79.6)
49 (20.4)

142 (59.2)
98 (40.8)

120 (83.3)
24.(16.7)

99 (68.8)
45(31.3)

84 (58.3)
60 (41.7)

135 (93.8)
9 (6.3)

22(15.3)
113 (78.5)
9(6.3)

27(18.8)
117 (81.3)

90 (62.5)
54 (37.5)

118 (81.9)
26 (18.1)

78 (54.2)
66 (45.8)

81 (84.4)
15 (15.6)

63 (65.6)
33 (34.4)

50 (52.1)
46 (47.9)

89 (92.7)
7(7.3)

14 (14.6)
76 (79.2)
6(6.3)

17 (17.7)
79 (82.3)

60(62.5)
36 (37.5)

73 (76.0)
23 (24.0)

64 (66.7)
32 (33.3)

0.830

0.613

0.339

0.751

0.989

0.838

>0.999

0.266

0.054

(Continued)
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Table 1. (Continued)

Characteristic Cohort p Value?
Overall, N=240, Training cohort, Multicenter validation
n (%) N=144, n (%) cohort, N=96, n (%)
VEGFR 0.256
No 54 (22.5) 36 (25.0) 18(18.8)
Yes 186 (77.5) 108 (75.0 78 (81.3]
Furaquintinib 0.646
therapeutic lineage
3 207 (86.3) 123 (85.4) 84 (87.5)
4 33(13.8) 21 (14.6) 12 (12.5)

aPearson’s Chi-squared test; Fisher’s exact test.
BMI, body mass index; EGFR, epidermal growth factor receptor; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-
to-lymphocyte ratio; PNI, prognostic nutritional index.

Table 2. Univariate and multivariate Cox regression analyses for 0S of mMCRC patients treated with fruquintinib
in the training cohort.

Characteristic Univariate analysis Multivariate analysis
HR (95% ClI) p Value HR (95% ClI) p Value

Age (years)

<60 1 -

=60 1.09 (0.75-1.59) 0.638 — -
Sex

Male 1 —

Female 1.14(0.77-1.69) 0.505 — —

Fundamental disease

No 1 =

Yes 1.02 (0.70-1.50) 0.908 — —
MLR

<0.5 1 -

=05 1.16 (0.79-1.69) 0.457 — —
NLR

<3 1 —

=3 1.40(0.96-2.03) 0.081 — —

(Continued)
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Table 2. (Continued)

Characteristic

Univariate analysis

Multivariate analysis

HR (95% ClI) p Value HR (95% Cl) p Value

PNI

<45 1 —

=45 0.84 (0.57-1.22) 0.354 — —
CEA

<5 1 —

5-50 0.76 (0.44-1.32) 0.336 — —

50-500 1.01(0.59-1.73) 0.977 — —

>500 0.88 (0.40-1.96) 0.764 — —
CA199

<30 1 1

30-300 1.12 (0.73-1.71) 0.604 0.74 (0.44-1.22) 0.232

>300 2.40 (1.45-3.98) <0.001 2.33(1.15-4.74) 0.019
BMI

<18.5 1 1

18.5-24 0.60 (0.35-1.04) 0.067 0.48 (0.24-0.95) 0.036

=24 0.47 (0.24-0.91) 0.026 0.34(0.15-0.79) 0.012
T stage

2 1 1

3 1.43 (0.57-3.61) 0.447 3.35(1.09-10.27) 0.035

4 2.12 (0.85-5.33) 0.109 3.52(1.20-10.38) 0.022
N stage

0 1 1

1 0.82(0.51-1.33) 0.418 0.60 (0.34-1.05) 0.073

2 0.97 (0.56-1.69) 0.908 0.91(0.50-1.64) 0.752
Primary site of tumor

Right 1 1

Left 0.62 (0.39-0.98) 0.041 0.49 (0.26-0.92) 0.027
Metastasis

Solitary 1 1

Multiple 0.86 (0.56-1.33]) 0.498 0.58 (0.27-1.26) 0.168

(Continued)
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Table 2. (Continued)

Characteristic

Univariate analysis

Multivariate analysis

HR (95% Cl)

p Value

HR (95% Cl)

p Value

Liver metastasis
No
Yes
Lung metastasis
No
Yes
Lymphatic node metastasis
No
Yes
Peritoneal metastasis
No
Yes
Other metastasis
No
Yes
RAS gene mutation
No
Yes
BRAF gene mutation
No
Yes
Pathological differentiation
Poorly
Moderately
Well
Primary site surgery
No
Yes
Metastasis site surgery
No

Yes

1
0.97 (0.66-1.44)

1
0.75(0.51-1.12)

1
0.83(0.57-1.21)

1
1.09 (0.65-1.81)

1
2.06(1.39-3.07)

1
1.23(0.84-1.80)

1
3.60 (1.63-7.95)

1
0.41(0.24-0.72)
0.26 (0.11-0.62)

1
0.76 (0.45-1.26)

1
0.90(0.61-1.32)

0.888

0.164

0.332

0.479

<0.001

0.277

0.002

0.002
0.002

0.285

0.577

1
0.68 (0.35-1.31)

1
1.15(0.66-2.03)

1
0.97(0.58-1.62)

1
0.91(0.45-1.81)

1
2.37 (1.39-4.04)

1
1.61(0.76-3.39)

1
2.50 (0.79-7.90)

1
0.34(0.16-0.72)
0.22 (0.07-0.64)

1
1.07 (0.49-2.35)

1
1.58 (0.88-2.82)

0.254

0.622

0.904

0.783

0.001

0.214

0.118

0.005
0.006

0.856

0.122
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Table 2. (Continued)

Characteristic Univariate analysis Multivariate analysis
HR (95% CI) p Value HR (95% Cl) p Value

Radiotherapy

No 1 1

Yes 1.01 (0.63-1.61) 0.967 0.87 (0.49-1.55] 0.644
EGFR

No 1 1

Yes 0.90 (0.62-1.31) 0.584 1.17 (0.51-2.64) 0.714
VEGFR

No 1 1

Yes 1.09 (0.71-1.67) 0.684 0.81(0.46-1.44) 0.480
Furaquintinib therapeutic lineage

3 1 1

4 0.87 (0.51-1.48) 0.600 1.04 (0.55-1.96) 0.904

BMI, body mass index; Cl, confidence interval; EGFR, epidermal growth factor receptor; HR, hazard ratio; mCRC,
metastatic colorectal cancer; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; 0S, overall
survival; PNI, prognostic nutritional index.

0 10 20 30 40 50 60 70 80 90 100
Points . n A L A L n " n . ,
=30
CA199 -
30-300 >300
18.5-24
BMI r J
=24 <18.5
3
T r - ]
2 4
right
Primary site of tumor )
left
Yes
Other metastasis r
No
Moderately
Pathological differentiation r L J
Well Poorly
Total Points
0 50 100 150 200 250 300 350 400
Linear Predictor T T T T T T |
2 15 1 -0.5 0 0.5 1 1.5 2 25
6 - Month Survival Probability r T T T T T ]
0.95 0.9 0.8 0.7 06 05 04
9 - Month Survival Probability
0.95 0.9 0.8 0.7 0.6 05 04 03 0.2 0.1 0.05
12 - Month Survival Probability r T T T T T T T T T ]
0.9 0.8 0.7 06 05 04 03 02 0.1 0.05 0.01

Figure 2. Nomogram model predicting the é6-, 9-, and 12-month OS in patients with mCRC. The nomogram is
used by summing all points identified on the scale for each variable. The total points projected on the bottom
scales indicate the probabilities of 6-, 9-, and 12-month survival.
mCRC, metastatic colorectal cancer; 0S, overall survival.
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Figure 3. ROC curves of the 0S nomogram in the training cohort (a) and the multicenter validation cohort (b).
AUC, area under curve; 0S, overall survival; ROC, receiver operating characteristic.

Regorafenib is also an anti-VEGFR-TKI applied
in the backline treatment of mCRGC,!%17 and
therefore is still informative in the exploration of
risk factors although the number of targets acted
on is different from fruquintinib. In the literature
exploring the preferred criteria for regorafenib for
mCRC,!® CEA was not statistically significant in
assessing factors affecting OS, which is the same
as our findings. Furthermore, our study addition-
ally suggested that CA199 > 300 is an independ-
ent risk factor, which was not previously
mentioned in the relevant literature. In an article
study on the real-world practice of fruquintinib,
the decline in CEA after treatment could be seen
as a potential predictor of better OS.1° We vali-
dated the possibility of assessing OS by CEA level
before fruquintinib treatment, which also pro-
vides more ideas for our subsequent in-depth
study. BMI has been found to be a prognostic
indicator for mCRC in previous studies, with
patients with a low BMI having the greatest risk
of death; the risk decreases and then plateaus with
increasing BMI.2° In our findings, a higher tier of
BMI was likewise a protective factor affecting the
prognosis of mCRC treated with fruquintinib. In
the analysis of safety and adverse events in the
FRESCO study, subgroup analyses by BMI did
not reveal differences in the frequency of treat-
ment-emergent adverse events,?! so its prognostic
impact on treatment with fruquintinib may still
be related to the negative impact of cancer

malignancy among patients with a low BMI.
Previous explorations of prognostic factors in the
application of regorafenib therapy have also
included BMI as one of the explored factors, but
a systematic nomogram was not formed for refer-
ence,?? therefore, this study has a more compre-
hensive application value. In this study, in
addition to liver, lung, lymph node, and perito-
neal metastases analyzed in previous studies, we
explored the effect of other metastases on the
prognosis of applied fruquintinib. Bone, mesen-
tery, ovary, uterus, and brain were counted as
other metastases with statistical significance. This
inspires us that subsequent data from larger sam-
ples are needed so that further studies on the
above metastases can be conducted. Besides, T
stage, primary site of the tumor, and pathological
differentiation level are also common prognostic
factors, which have been confirmed and included
in our nomogram.

Subgroup analysis of the FRESCO study showed
that the efficacy of fruquintinib was not affected
by prior bevacizumab treatment,?! and prior use
of VEGFR inhibitors was not a factor in its
impact on OS in our study. In contrast,
regorafenib, which can also be used as a third-
line treatment, has a much lower chance of ben-
efit if bevacizumab has already been used for
first- and second-line treatment, which reflects
the advantages of fruquintinib. Currently, the
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Figure 4. Calibration curves of the 0S nomogram in the training cohort (a-c) and the multicenter validation

cohort (d-f).
0S, overall survival.

median OS in the FRESCO-2 trial fruquintinib
arm was 7.4months (95% CI 6.7-8.2).1> Our
patient cohort was not restricted to prior ther-
apy, the median OS in the training cohort was
12.1 (95% CI 11.0-12.9) months and the valida-
tion cohort was 12.3 (95% CI 11.1-13.1), which
may be a result of retrospective study differed
from prospective studies in factors such as tim-
ing of data collection, selection of study partici-
pants, differences in diagnostic methods, and

the impact of treatment progression. Also, a ret-
rospective study comparing it to regorafenib,
listed a median OS of 14.2 months for fruquin-
tinib.23 There may be several reasons for the dis-
crepancy with the median OS in our study: first,
there may be differences in the backline regi-
mens and other drugs combined in some patients
between the two studies; in addition, differences
in patient demographic characteristics, and the
time and place where the study was conducted
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Figure 5. DCA of the OS nomogram in the training cohort (a-c) and the multicenter validation cohort (d-f).

DCA, decision curve analysis; OS, overall survival.

may have affected the survival results. Our find-
ings are similar to another article mentioned
above: the median OS was 12.0 months (95% CI
8.0-16.1).1°

Although we have successfully developed and
validated a nomogram to predict the OS of
mCRC patients after treatment with fruquin-
tinib, there are some limitations to our study.
First, its retrospective design may have led to
unavoidable selection bias. Moreover, there were
no records of adverse reactions included in the
study, as some of the participants did not have

detailed documentation of adverse effects experi-
enced. Despite these constraints, the research
offers significant insights into the use of fruquin-
tinib for treating mCRC and identifies key
prognostic factors linked to patient survival.
Subsequently, we will further validate and opti-
mize the performance of the prediction model,
including a larger sample size. And explore other
predictors and variables to improve the accuracy
and applicability of the prediction model. To
study the effects of different treatment strategies
on the prediction model to guide individualized
treatment decisions.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

X-XWang, Y-W Zhou et al.

(@)
cut = 191.683

~~ High
-+ low

Survival probability
o o
> 3

p < 0.0001

0.001

0 10 20 30 40
Time

Number at risk

Highj 41 11 0 0 0
low1103 72 4 2 1
0 10 20 30 40

Time

(b)
cut = 247.02
1.00

e o
o ~
S o

Survival probability
5

0.001

0 10 20 30 40
Time

Number at risk

High1 5 0 0 0 0
low{ 91 59 4 1 0
0 10 20 30 40

Time

Figure 6. Cumulative incidence estimates of the OS for patients in the low- and high-risk groups of the
training cohort (a) and the multicenter validation cohort (b].

0S, overall survival.

Conclusion

Based on six pre-dose accessible variables, we
constructed a prognostic model for mCRC
patients treated with fruquintinib and presented a
corresponding nomogram. In  conclusion,
Fruquintinib may be used in patients with low
tumor levels (earlier T stage and higher degree of
pathologic differentiation), low metastatic capac-
ity (no metastases to sites other than the liver,
lungs, lymph nodes, or peritoneum), low tumor
burden (low CA199 level), and high BMI.
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