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Summary

Background a-fetoprotein (AFP) response has been proven a key tumor marker for hepatocellular carcinoma
(HCC), but its definition remains controversial. This study aims to characterize AFP trajectories after transarterial
chemoembolization (TACE) and examine its impact on clinical outcomes.
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Methods This longitudinal, multicenter, retrospective, cohort study examined data from the electronic medical i 5027101391

record system of four hospitals in China between January 1, 2007 to December 31, 2016. A latent class growth mixed
model was applied to distinguish potential AFP dynamic changing trajectories. The multivariable Cox models were
used to calculate adjusted hazard ratios (aHRs) and 95% ClIs for overall survival. Inverse-probability-of-treatment
weighted analyses were performed to eliminate unmeasured confounders through marginal structural models.

Findings A total of 881 patients, who had intermediate-stage HCC with AFP repeatedly measured 3 to 1o times, were
included in the study. Three distinct trajectories were identified using the latent class growth mixture model: high-
rising (25.7%; n = 2206), low-stable (58.7%; n = 517), and sharp-falling (AFP serological response, 15.6%; n = 138).
Compared with the low-stable class, the aHRs for death were 5.13 (3.71, 7.10) and 0.52 (0.33, 0.81) for the high-rising
and sharp-falling class, adjusted by gender, baseline major tumor size, intrahepatic lesions number, and logAFP
(smooth). Furthermore, high-rising class had a significantly higher HR in the subgroup of female patients (10.60,
95%CI: 6.29, 17.86), age<s5 (6.78, 95%CIL: 4.79, 9.59) and Child-Pugh class B (23.01, 95%CI:8.07, 65.63)
(P = 0.014, 0.046 and 0.033 for interaction, respectively). Trajectories of AFP had the highest relative importance of
each parameter to survival, including largest tumor size, intrahepatic lesions number, Child-Pugh class, and base-
line AFP.

Interpretation AFP trajectories were associated with overall survival for intermediate-stage HCC after TACE.
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Hit-differentiation hypothesis

Research in context

Evidence before this study

a-fetoprotein (AFP) is the most important biomarker for
hepatocellular carcinoma (HCC) in the clinical setting.
Although AFP response has been proven a key tumor
marker for HCC, its definition remains controversial. The
role of dynamic serum AFP trajectories after transarterial
chemoembolization (TACE) is ignored. We screened
MEDLINE, Web of Science for relevant articles on Aug 1,
2021, without language or date restrictions using the
terms (“a-fetoprotein” OR “a-fetoprotein change” OR
“a-fetoprotein response”) AND (“hepatocellular carci-
noma” OR “liver cancer”). There was no study to explore
the association between AFP trajectories and clinical
outcomes for intermediate-stage HCC after TACE.

Added value of this study

Three distinct trajectories were identified using the
latent class growth mixture model: high-rising, low-sta-
ble, and sharp-falling. Of note, we found that about 10-
fold hazard ratios of mortality exists between AFP high-
rising and sharp-falling group, which had the highest
relative importance of each parameter to overall sur-
vival. We define AFP sharp-falling as AFP serological
response. Furthermore, the hit-differentiation hypothe-
sis is developed to explain AFP serological response
curve.

Implications of all the available evidence

To our knowledge, this is the first study to characterize
latent trajectories of AFP change, and the results help to
clarify the controversies in the AFP response definition.
It may be a new easy-to-use method for exploring the
prognostic value of multiple AFP measurements. In the
future, all predictive models for HCC containing AFP
may be updated based on our findings.

Introduction

Hepatocellular carcinoma (HCC) ranks the third lead-
ing cause of cancer-related death worldwide, with
chronic hepatitis B virus (HBV) infection for key deter-
minants in China." a-fetoprotein (AFP), the first identi-
fied oncofetal biomarker in HCC patients, is the most
commonly used for detecting and clinical follow-up of
patients with HCC. Compared with the general HCC
population, higher AFP is linked with worse prognosis
in different clinical settings.> © It is a valuable bio-
marker to predict the risk of tumor recurrence after

hepatic resection and identify the best candidates for
liver transplantation.*” In the nonsurgical setting, base-
line AFP levels have been proven to predict survival
prognosis with locoregional and systemic therapy. ©
To further explore the new utility of this old marker,
AFP response (over 20% decrease after therapy) is
employed to predict radiologic response and survival
among the HCC patients undergoing systemic chemo-
therapy’ and receiving sorafenib,® ' cabozantinib,"
ramucirumab,” and immune checkpoint inhibitors."
However, AFP response is also identified as a > 50%
AFP decline during the treatment of thalidomide,™
transarterial locoregional therapies,” " and radiofre-
quency ablation.”® Moreover, the identifications of time
intervals are various among these researches.

The intermediate-stage HCC is a highly heteroge-
neous disease. It contains a population with a wide
range of tumor burden (>3 nodules or >2 nodules if
any >3 cm) and liver functions (Child-Pugh score 5—9).
For the unresectable HCC of Barcelona Clinic Liver
Cancer (BCLC) stage B, transarterial chemoemboliza-
tion (TACE) is the mainstay of first-line treatment.” In
this clinical setting, AFP response (>20% decrease after
a TACE session) has been demonstrated as an indepen-
dent factor for the enhanced survival after TACE.*® In
another study, serum AFP changes are divided into four
subclasses according to the AFP change rate, which
moderately correlates with EASL criteria and predicts
the clinical outcome.”’ However, the role of AFP
change, including change rate and time interval, is still
unclear and poorly defined, with an urgent need to iden-
tify the latent trajectories of AFP for intermediate-stage
HCC after TACE. In this longitudinal, multicenter, ret-
rospective, cohort study, we aim to characterize trajecto-
ries of AFP and examine its impact on clinical
outcomes.

Methods

We present the following article following the Strength-
ening the Reporting of Observational Studies in Epide-
miology (STROBE) Statement.**

Patients and follow-up plan

Between January 1, 2007 to December 31, 2016, all con-
secutive HCC patients in the BCLC stage B treated with
TACE were retrospectively retrieved from the electronic
medical record system of four hospitals in Guangzhou,
China. Details of this longitudinal, multicenter, retro-
spective, cohort study were previously described in
full.*>*# Patients were included if preoperative serum
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Figure 1. Flowchart for the patients with intermediate-stage HCC after TACE. HCC=hepatocellular carcinoma; TACE=transarte-
rial chemoembolization; BCLC= Barcelona Clinic Liver Cancer. Between January 2007 and May 2012, 5005 consecutive patients with
newly diagnosed HCC at Sun Yat-sen University Cancer Center (SYSUCC) were retrospectively reviewed to develop the derivation
cohort. Another consecutive independent series of 3843 HCC patients (2012.6—2015.12) for internal testing cohort. Besides,
between January 2010 and December 2016, 843 patients from Fifth Affiliated Hospital of Sun Yat-sen University, 415 patients from
the Third Affiliated Hospital of Sun Yat-sen University, and 437 patients from the Second Hospital of Guangzhou Medical University

were reviewed to develop the multicenter testing cohort.

AFP data and at least two postoperative serum AFP
measurements were available. The study flowchart was
shown in Figure 1.

For the first 2 years, HCC patients were followed up
every 2 or 3 months to check whether complete remis-
sion was achieved. After 2-year remission, the frequency
gradually decreased to every 3—6 months.

The ethics committee (2017-FXY-129) approved this
multicenter retrospective study of each participating
hospital. All the patient data in the survey were anony-
mized, and the requirement for informed consent was
waived, owing to the study's retrospective nature.

AFP measuring, covariates, and outcome definition

The serum AFP level was measured by electrochemilu-
minescence immunoassay using the Roche Cobas
EGo2 system (Roche Diagnostics GmbH, Mannheim,
Germany) of the manufacturer's instructions.* The cut-
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off value of AFP for HCC was set at 25 ng/mL.***> Pre-
operative serum AFP was defined as the AFP value clos-
est to the first TACE treatment within the first follow-up
record. Postoperative serum AFP included the AFP
value before any treatment at each follow-up record after
the first TACE. Repeat AFP tests at each follow-up
record were excluded. The baseline covariates included
age, gender, largest tumor size, intrahepatic lesions
number, Child-Pugh class, and preoperative serum
AFP. Those were afforded before the first TACE without
any treatment at the first follow-up record.

The primary outcome was overall survival (OS),
which was the time from the first TACE to death for any
cause. Besides, the secondary outcomes included stage
progression-free survival (SPFS) and intrahepatic recur-
rence-free survival (RFS). SPFS was defined as the time
between the first TACE and tumor stage progression to
BCLC stage C or D, and RFS was the time from the first
TACE to the appearance of new intrahepatic tumors but
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not the residual lesions of main lesion within six
months.

Statistical analysis

Unsupervised cluster analysis was performed to explore
the trajectories of serum AFP level using a latent class
growth mixed model (LCGMM). Log transformation
was applied for serum AFP levels because of its left
skewness. The R package lemm (version 1.9.2)*° in R
3.6.3 was used to perform LCGMM, setting the log AFP
as a function of time with a class number ranging from
2 to 6 with the same starting values calculated from the
1-group model.

When the LCGMM model was fitted, we assessed the
polynomial function of linear, quadratic, and cubic and
tried the grouping number from 1 to 6 in each function
form. To avoid convergence towards local maxima,
LCGMM models with 2 to 6 classes were performed
several times with different sets of random starting val-
ues based on the 1-class model. The criteria for the
choice of a best-fit model together with the study-spe-
cific requirements were as followed®”: (1) significant
improvement of the model in Bayesian information cri-
terion (at least 10 points reduction); (2) a posterior prob-
ability > o.7 for all latent classes; and (3) > 5%
participants in any single trajectory class. Finally, cubic
trajectories of the three groups were the optimal fit
model based on the above criteria.

Characteristics across different groups were com-
pared using Student's t-test or Kruskal—Wallis tests for
continuous variables and x2 statistics or Fisher's exact
test for categorical variables. Kaplan-Meier method was
firstly used to estimate the OS, SPFS, and RFS for each
trajectory group, with the differences compared by the
log-rank test. Cox proportional hazard models were
used to explore the association between AFP trajectories
and clinical outcome, which was adjusted of gender,
major tumor size (<5, >5), intrahepatic lesions number
(<3, >3), and AFP (<235, >25). To address the non-linear-
ity of confounding factors, we set up a final model
adjusted for logAFP (smooth) through restricted cubic
spline and other baseline confounders. The relative
importance of each parameter to survival risk was
assessed using the x* from Harrell's rms R package.

Sensitivity analysis

Finally, we applied three approaches to evaluate the risk
estimates' robustness in a sensitivity analysis. To elimi-
nate the unmeasured confounding factors, inverse-
probability-of-treatment weighted analysis (IPTW) was
performed through marginal structural models. In this
model, the predicted probabilities, which were calcu-
lated by gender, largest tumor size (<5, >5), intrahepatic
lesions number (<3, >3), and logAFP(Smooth), were
used to evaluate the stabilized inverse-probability-of-

treatment weight. To search for potential heterogeneity
sources, subgroup analyses were performed by partici-
pating cohort, age, sex, baseline Child-Pugh class, major
tumor size, and intrahepatic tumor number, with tests
for interaction by the Cox regression model. To account
for potential biases of the various following-up times,
sequential landmark analyses evaluating survival with
distinct AFP trajectories were performed for patients
with overall survival of fewer than 3 years, 4 years, and
5 years.

Role of the funding sources

The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. CX and SLJ have accessed and ver-
ified the data. CX is responsible for the decision to sub-
mit the manuscript.

Results

Clinical features of cohorts

The baseline characteristics of patients with inclusion
and exclusion criteria are shown in Table S1. 881
patients were finally included in this study, with the 5.8
(range, 3—10) times of AFP measurements. The median
follow-up time was 23.7 (range, 3.8—115.3) months,
including 16.9 (range, 10.9—26.2) months for the death
and 27.8 (range, 18.8—44.4) months for those who were
censored. During the follow-up period, 361 patients
died. All the patients were in good performance status
(ECOG PS o), whose leading cause of HCC was HBV/
HCV infection.”® Figure 1 presented the flowchart of
enrollment, and a summary of baseline characteristics
of patients in each cohort was shown in Table S2.

Identification of number of trajectories

Table S3 summarizes the fitting process for 2 through 6
classes by the latent class growth mixed model. Specifi-
cally, a model of cubic parameters with three classes
provided the optimal fit according to the criteria men-
tioned above. Detailed parameter estimates of the best
fitting 3-class cubic trajectory model are shown in Table
S4.

Figure 2 shows the predicted mean trajectory of
serum AFP. Three distinct trajectories were identified,
labeled as: high-rising (25.7%; n = 226), low-stable
(58.7%; n = 517), and sharp-falling (15.6%; n = 138). The
AFP remained within the range (0o—25 ng/mlL) in the
low-stable group after the first TACE treatment. In the
sharp-falling group, AFP declined rapidly from elevated
preoperative level (>10"2.5 ng/mL) toward the range (o
—25 ng/ml) within four months of TACE and then kept
stable. It was defined as AFP serological response curve.
In the high-rising group, AFP increased slowly from an
elevated preoperative level toward to higher level.
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Articles

Class == high-rising === low-stable === sharp-falling

AFP log10 transform
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Figure 2. Trajectories of serum AFP in intermediate-stage HCC patients after TACE. Red dashed line = AFP value equaled to
25 ng/mL. Shadows = 95% confidence intervals. HCC=hepatocellular carcinoma; TACE=transarterial chemoembolization; AFP=c-
fetoprotein.

low-stable sharp-falling high-rising P-value
N 517 138 226
Age (years) 541+ 111 516+ 109 50.6 + 135 <0.0001
Gender 0.64
male 364 (70.4%) 92 (66.7%) 154 (68.1%)
female 153 (29.6%) 46 (33.3%) 72 (31.9%)
Child-Pugh class 0.98
A 431 (90.2%) 115 (89.8%) 192 (89.7%)
B 47 (9.8%) 13 (10.2%) 22 (10.3%)
Diameter of main tumor(cm) <0.0001
Mean + SD 59431 6.8 £3.0 79+£35
<5 234 (45.3%) 49 (35.5%) 48 (21.2%)
>5 283 (54.7%) 89 (64.5%) 178 (78.8%)
Intrahepatic lesions number <0.0001
<3 235 (45.5%) 63 (45.7%) 69 (30.5%)
>3 282 (54.5%) 75 (54.3%) 157 (69.5%)
AFP (ng/mL) <0.0001
Log AFP 1.6+09 35+07 36+1.0
<25 252 (48.7%) 0 (0.0%) 0 (0.0%)
>25 265 (51.3%) 138 (100.0%) 226 (100.0%)
Table 1: Baseline characteristics of patients stratified by trajectory classes of AFP.
Differences are compared using the chi-square test (or Fisher's exact test) for categorical measures and Kruskal—Wallis test for continuous measures. Numbers
that do not add up to 881 are attributable to missing data. AFP=c-fetoprotein.
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Figure 3. Kaplan-Meier curves of overall survival in patients with intermediate-stage HCC after TACE. Shadows = 95% confi-
dence intervals. HCC=hepatocellular carcinoma; TACE=transarterial chemoembolization; AFP=a-fetoprotein.

Table 1 summarizes the baseline characteristics of
the study population by AFP trajectory classes. Com-
pared with the low-stable class, the high-rising and
sharp-falling class had higher age values, largest tumor
size, and baseline AFP.

Association between phenotype and clinical outcomes
We next estimated the OS, RFS and SP-free survival for
each trajectory group. As demonstrated in Figure 3, the
3-year OS rate in the low-stable group was 61.9%
(95%CI: 60.0%, 67.2%), which was significantly higher
than high-rising group (7.7%, 95%CI: 3.7%, 16.2%), but
lower than sharp-falling group (80.0%, 95%ClI: 73.0%,
87.7%). The median OS was 48.6 (95%CI: 42.7, NA)
months, 13.8 (95%CI: 12.4, 16.3) months, and NA
(95%CI: 73.9, NA) months for the low-stable, high-ris-
ing, and sharp-falling group, respectively. Similar differ-
ence of the 1-year SPFS rate among three groups was
observed, as shown in Figure S1A (the low-stable group:
75.9%, 95% CI: 72.0%, 80.0%; the high-rising group:

28.5%, 95% CI: 21.8%, 37.2%; the sharp-falling group,
85.1%, 95% CI: 79.1%, 91.5%; P < 0.0001), and 1-year
RFS rate in Figure S1B (the low-stable group: 56.5%,
95% CI: 52.0%, 61.4%; the high-rising group: 16.6%,
95% CI: 11.5%, 24.0%; the sharp-falling group, 76.6%,
95%Cl: 69.3%, 84.7%; P < 0.0001)

The effect sizes of the relationship between AFP tra-
jectory and clinical outcome were displayed in Table 2.
Compared with the low-stable class, the high-rising
class had a higher risk of death (HR:5.64, 95%Cl:4.48,
7.10), but a lower risk of death in the sharp-falling class
(HR: 0.52, 95%Cl: 0.35, 0.76) in the unadjusted model.
After adjusting the confounding factors gender, larg-
est tumor size (<5, >j5), intrahepatic lesions number
(<3, >3) and baseline logAFP(smooth), the high-ris-
ing class was associated with 4.13 times (HR:s5.13,
95%ClI: 3.71, 7.10) risk of death increase and 48%
(HR:0.52, 95%CI: 0.33, 0.81) risk decrease for the
sharp-falling group. Similar associations were
observed between AFP trajectory groups and SPFS/
RFS (Figure S1, Tables 2).
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Event/N Non-adjusted Adjust I° Adjust 11

Overall Survival

low-stable 180/517 1 1 1

sharp-falling 31/138 0.52(0.35,0.76) 0.47 (0.30,0.72) 0.52(0.33,0.81)

high-rising 150/226 5.64 (4.48,7.10) 4.70 (3.39, 6.52) 5.13(3.71,7.10)

Stage progression-free survival

low-stable 145/517 1 1 1

sharp-falling 25/138 0.55 (0.36, 0.84) 0.49 (0.31,0.77) 0.40 (0.24, 0.66)

high-rising 136/226 3.89 (3.05, 4.95) 3.48 (2.60, 4.65) 2.86 (1.99, 4.10)

Recurrence-free Survival

low-stable 246/517 1 1 1

sharp-falling 41/138 0.49 (0.35, 0.68) 0.47 (0.33,0.67) 0.56 (0.38, 0.84)

high-rising 164/226 2.97 (2.42, 3.65) 2.71(2.13,3.45) 3.32(2.47,4.46)
Table 2: Trajectory classes of AFP and multivariate hazard ratios of overall survival with 95% confidence intervals.
Low-stable group: first AFP measuring <10"2.5 ng/mlL, and not increasing within 4 months. Sharp-falling group: first AFP measuring >10"2.5 ng/mL, and
declining toward at least <10"2 ng/mL within 4 months; else belonging to the high-rising group.
HR(95%CI)=hazard ratio(95% confidence intervals). AFP=q-fetoprotein.

* This model was adjusted of gender, largest tumor size (<5, >5), intrahepatic lesions number (<3, >3), AFP (<25, >25).

*# This model was adjusted of gender, largest tumor size (<5, >5), intrahepatic lesions number (<3, >3), log AFP (Smooth). Restricted cubic spline was
applied.

A1 B1 c1
B Age R Age R Age
BB Gender BB Gender BB Gender
BB Largest tumor size BB Largest tumor size BB Largest tumor size
BB Intrahepatic lesions number BER Intrahepatic lesions number B |ntrahepatic lesions number
B3 AFP B3 AFP B3 AFP
B Child-Pugh class EB Child-Pugh class Em Child-Pugh class

B2 c2
. Age = Age = Age
BB Gender BB Gender BB Gender
B3 Largest tumor size BB Largest tumor size BB Largest tumor size
BB Intrahepatic lesions number BB Intrahepatic lesions number BB Intrahepatic lesions number
= AFP = AFP = AFP
Em Child-Pugh class BB Child-Pugh class Em Child-Pugh class
BB AFP trajectory groups B3 AFP trajectory groups B3 AFP trajectory groups

Figure 4. Relative importance of each risk factor for overall survival (A), Stage progression-free survival (B) and recurrence-
free survival (C). AFP=a-fetoprotein. A2, B2, and C2 show the relative importance of risk factors plus AFP trajectory groups. AT:
Age, 0.05%; Gender, 6.77%; Largest tumor size, 17.77%; Intrahepatic lesions number, 19.7%; serum AFP, 48.03%; Child-Pugh class,
7.65%. A2: Age, 0.16%; Gender, 2.69%; Largest tumor size, 7.52%; Intrahepatic lesions number, 3.91%; serum AFP, 5.58%; Child-Pugh
class, 4.52%; AFP trajectory groups, 75.62%. B1: Age, 14.70%; Gender, 2.82%; Largest tumor size, 34.63%; Intrahepatic lesions
number, 3.59%; AFP, 43.31%; Child-Pugh class, 0.95%. B2: Age,11.19%; Gender, 2.97%; Largest tumor size, 30.89%; Intrahepatic
lesions number, 0.87%; AFP, 16.20%; Child-Pugh class, 0.39%; AFP trajectory groups, 37.49%. C1: Age, 3.52%; Gender, 0.21%; Larg-
est tumor size, 10.9%; Intrahepatic lesions number, 58.77%; AFP, 23.90%; Child-Pugh class, 2.70%. C2: Age, 2.24%; Gender, 0.17%;
Largest tumor size, 11.40%; Intrahepatic lesions number, 54.34%; AFP, 11.34%; Child-Pugh class, 3.43%; AFP trajectory groups,
17.08%.

Furthermore, we analyzed the relative contribution  Sensitivity analyses
of each parameter to predict clinical outcome, including  In this section, we used three additional sensitivity anal-
age, sex, largest tumor size, intrahepatic lesions num-  yses to verify the robustness of risk estimates. In the
ber, Child-Pugh class, and baseline AFP (Figure 4 A1 IPTW model, HRs were 4.48 (95%Cl: 2.40, 8.39) for
—Ci). After plus the AFP trajectory class, we could find  death risk in the high-rising group and 0.66 (95%CI:
that it was stronger than all these clinical parameters  0.42, 1.03) in the sharp-falling group, which was consis-
for OS (Figure 4 A2) and SPFS (Figure 4 B2), except for ~ tent with the core results. Finally, we performed an
RFS (Figure 4 C2). exploratory subgroup analysis of OS according to

www.thelancet.com Vol 47 Month May, 2022
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Event/N high-rising vs. low-stable sharp-falling vs. low-stable
HR (95%Cl) P-value* HR (95%Cl) P-value*
Gender 0.014 0.46(0.29,0.72) 0.23
male 281/610 4.75 (3.65, 6.18) 0.76(0.36,1.61)
female 80/271 10.60 (6.29, 17.86)
Age (years) 0.046 0.097
<55 179/454 6.78 (4.79, 9.59) 0.70(0.43,1.15)
>55 182/427 4.67 (3.39, 6.42) 0.35(0.19, 0.64)
Child-Pugh class 0.033 0.52
A 307/738 5.58 (4.33,7.17) 0.52(0.35,0.79)
B 34/82 23.01 (8.07, 65.63) 0.65(0.19,2.28)
Intrahepatic lesions number 0.12 0.26
<3 134/367 7.73 (5.22,11.44) 0.38(0.20, 0.73)
>3 227/514 4.67 (3.49, 6.25) 0.62(0.39, 0.99)
Diameter of main tumor(cm) 0.69 0.77
<5 101/331 6.21(3.75, 10.26) 0.51(0.25,1.06)
>5 260/550 4.68 (3.57,6.12) 0.47(0.30,0.74)
Derivation cohort 0.27 0.88
No 180/526 6.37 (4.57,8.87) 0.50(0.30, 0.86)
Yes 181/355 4.81(3.47,6.67) 0.53(0.31,0.92)
Table 3: Subgroup analysis of overall survival for serum AFP trajectories stratified by clinical features.
* P value for interaction. HR(95%CI) = hazard ratio(95% confidence intervals). AFP=a-fetoprotein.

baseline patients’ characteristics. Compared with low-
stable class, high-rising class had a significantly higher
HR in the subgroup of female patients (10.60, 95%CI:
6.29, 17.86), age<s5 (6.78, 95%Cl: 4.79, 9.59) and
Child-Pugh class B (23.01, 95%CI:8.07, 65.63)
(P = 0.014, 0.046 and 0.033 for interaction, respec-
tively). This stratified analysis of OS found similar
results for the overall population, as shown in Table 3.
Figure S2 displayed the landmark analyses evaluating
the impact of three AFP trajectories for survivors of < 3,
< 4, and < 5 years. Overall, the association between
AFP trajectories and overall survival was still robust for
the survivors at each sequential landmark (all
P < o0.0001).

Discussion

In this longitudinal multicenter study, we used time-
series data to identify three distinct AFP trajectories of
HCC undergoing TACE treatment and found signifi-
cant associations between AFP trajectory groups with
clinical outcomes. Although the response to TACE is
highly heterogeneous, three AFP trajectories were still
robust during the follow-up time after first-line treat-
ment. We further calculated the relative importance of
each covariate and found AFP trajectories were the max-
imum-weight parameter to predict both OS and SPFS.
To the best of our knowledge, this was the first study to
characterize the latent trajectories of AFP change, and
the results help to clarify the controversy for AFP
response definition.

Numerous prior studies have established a sub-
group of HCC patients with AFP level decrease, includ-
ing early-stage HCC treated with surgery or liver
transplantation,*® 3° intermediate-stage HCC with
TACE,**"*" advanced HCC with systemic therapies.® "3
Besides, decreasing APF level predicted reduced inci-
dence of HCC in patients receiving antiviral
therapy.>"** This evidence suggested that AFP decline
was the robust subclass across all stages of HCC,
which supported the finding of AFP serological
response and implied a specified pathophysiological
process. On the other hand, a low-stable group was
observed with the AFP level remaining within 25 ng/
mL after TACE for the AFP-negative HCC patients.
Those belong to the non-AFP—producing population,
accounting for approximately 31% of HCC patients
with significantly better clinical outcomes undergoing
liver transplant.’® Some studies also demonstrated that
its less aggressive tumor phenotype and postoperative
serum AFP change provided poor sensitivity for clini-
cal outcome after radiofrequency ablation** and hepa-
tectomy.”> To further discuss the potential
pathophysiological process of AFP trajectories, our
sightlines were focused on the molecular classification
of HCC.>® Did the microenvironment dysregulated
subgroup of HBV-related HCC, with an intermediate
expression of metabolic and proliferative proteins,
have directed differentiation potential to the metabo-
lism subgroup or proliferation subgroup after therapy?
Furthermore, was there a specified process of "hit-dif-
ferentiation" for AFP serological response?
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In this research, we took advantage of the time-series
data of AFP to find an AFP serological response curve. It
may be a novel and easy-to-use method by which doctors
only need to observe AFP changes in clinical settings
rather than calculating AFP change. Of note, we found
that the hazard ratio of death had reached about 10-fold
between the high-rising and sharp-falling group, sug-
gesting its promising future in clinical and scientific
research.

This study also had limitations. Firstly, not every
patient meets all the features of AFP trajectory groups.
For instance, the baseline of AFP level over 25 ng/mL
(logAFP, mean+SD:1.6 + 0.9) held nearly half of
patients in the low-stable group (Figure S3). Neverthe-
less, they shared similar characteristics of AFP change
and clinical outcomes with AFP-negative HCC. Sec-
ondly, the molecular subtypes of HCC have been
grouped into the proliferation and nonproliferation
class.’” The current three AFP trajectories were based
on the Chinese population with prevalent hepatitis B
infection and cirrhosis. The nonproliferation class of
HCC, more commonly with HCV infection and alcohol
abuse, may have different AFP trajectories. Thirdly,
patients in the current study had relatively less tumor
load (Table St1); thus, our conclusions might not be suit-
able for HCC intermediate-stage with high tumor load.
Moreover, bias could be caused by residual and unmea-
sured confounders. Our findings must also be verified
by a prospective randomized controlled trial and larger-
scale population.

In summary, three distinct AFP trajectories are iden-
tified for intermediate-stage HCC after TACE treatment,
and it has a significant impact on clinical outcomes. We
provide new insights into the prognostic significance of
AFP serological response. It implies that patients with
the sharp-falling AFP have the best survival and may
experience a specified process of "hit-differentiation."
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