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Abstract: Nivolumab monotherapy has a modest objective response rate (ORR) in hepatocellular carcinoma (HCC). 
To overcome the lack of biomarkers that predict delayed alpha-fetoprotein (AFP) response beyond 4 weeks, we 
applied a novel 50-10 rule of AFP response for unresectable HCC patients under nivolumab monotherapy and 
proposed an algorithm based on on-treatment AFP reduction at different time-points. Ninety unresectable HCC 
patients who underwent nivolumab monotherapy in 2015-2019 were retrospectively recruited and divided into four 
classes: rapid AFP decrease of ≥ 50% of baseline at week 4 (class I), AFP changes within ± 50% of baseline at week 
4 that later decreased to ≥ 10% of baseline (class II) or not (class III) at week 12, and rapid AFP increase of ≥ 50% 
of baseline at week 4 (class IV). ORR was 47.4%, 36.0%, 7.7%, and 5.0% in class I-IV patients, respectively. Rapid 
(class I) and delayed (class II) AFP responders had significantly higher ORR, overall survival (OS) and progression-
free survival (PFS) than non-responders (class III and IV) (ORR: 40.9% vs. 6.5%, P<0.001; median OS: not reached 
vs. 9.6 months, log-rank P<0.001; median PFS: 9.6 vs. 2.8 months, log-rank P<0.001). In multivariate analysis, 
AFP response was an independent factor associated with good OS (hazard ratio [HR]=0.301, P=0.001) and PFS 
(HR=0.332, P<0.001). Moreover, AFP responders had higher ORR and better OS as well as PFS than non-respond-
ers, regardless of nivolumab as a first- or more than a second-line therapy (all P<0.05). In conclusion, the novel 
50-10 rule of AFP response provides practical guidance for nivolumab monotherapy in unresectable HCC patients. 
However, this algorithm remains to be verified in a large prospective cohort.
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Introduction

Hepatocellular carcinoma (HCC) is the fourth 
leading cause of cancer-related deaths world-
wide [1]. However, patients are often diagnosed 
with HCC at an advanced stage, where only sys-
temic treatment can be offered [2, 3]. Sorafenib 
was the first effective drug available for this 
unresectable liver cancer [4, 5], showing sur-
vival benefits in two pivotal phase III clinical tri-
als [6, 7]. Currently, there are multiple options 
of first- [7-9] and second-line systemic thera-
pies [10-14] for patients with unresectable 
HCC. Nivolumab is an anti-programmed cell 
death-1 (PD-1) antibody and an immune check-

point inhibitor (ICI) [13]. This drug is recom-
mended by current guidelines as an option of 
second-line systemic therapy [2, 15, 16], and 
has a marginal benefit as a first-line systemic 
therapy [17]. Although the objective response 
rate (ORR) of nivolumab is only 15-20%, it 
shows durable clinical benefits. Unfortunately, 
there is currently no useful biomarker to identi-
fy patients who will respond to nivolumab ther-
apy before treatment initiation [2]. 

Alpha-fetoprotein (AFP) is a glycoprotein ex- 
pressed and secreted by HCC cells in approxi-
mately 70% of HCC patients [15]. In patients 
receiving various systemic therapies, a decline 
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in serum AFP level after treatment is associat-
ed with tumor response [18-20]. Previous stud-
ies showed that AFP response, defined as a ≥ 
20% decline in serum AFP level within the first 
4 weeks of treatment initiation relative to pre-
treatment levels, can be associated with objec-
tive tumor response in patients who either 
received antiangiogenic therapy [21], sorafenib 
[22] or ICI [23]. Lee et al [24] further suggested 
a 10-10 rule, in which an AFP reduction ≥ of 
10% within 4 weeks represents a better indica-
tor of tumor response than AFP reduction 
>20%. These studies provided insight for devel-
oping a method to identify potential responders 
early after the initiation of ICI treatment. 
However, it remains unclear whether this meth-
od applies to unresectable HCC patients with 
nivolumab monotherapy or whether it can pre-
dict the prognosis of patients with delayed AFP 
response beyond the first 4 weeks. In this retro-
spective observational study, we not only veri-
fied AFP response by using AFP decline ≥ 10% 
from baseline at week 4 and 12 as a criterion 
but also further applied a novel 50-10 rule of 
AFP response for patients with unresectable 
HCC under nivolumab monotherapy. We pro-
posed a novel treatment algorithm based on 
AFP responses at week 4 and 12 to guide the 
initiation of nivolumab monotherapy for 
patients with HCC. 

Patients and methods

Patient recruitment

A total of 122 patients who received nivolumab 
monotherapy for unresectable HCC at our hos-
pital, from 2015 to 2019 were retrospectively 
reviewed. We included patients who received 
nivolumab monotherapy for HCC as first or 
more than a second-line systemic therapy 
because their liver tumor was in Barcelona 
Clinic Liver Cancer (BCLC) stage C or was not 
amenable to locoregional therapy in BCLC 
stage B. None of these patients were enrolled 
in previous or ongoing ICI clinical trials. Patients 
who were liver preserved function as Child-
Pugh class C, lost to follow-up or had no radio-
logical evaluation, had no available AFP data, 
had ICI as an adjuvant therapy after curative 
ablation, had a malignancy other than HCC, 
undergone liver transplantation, and human 
immunodeficiency virus infection were exclud-
ed. Finally, 90 patients with complete medical 
records were included in the analysis. Admin- 

istration of nivolumab was based on the recom-
mended dosing and safety information (2-3 
mg/kg every 2 weeks until tumor progression 
or intolerance) [13]. Safety assessment and 
grading were performed based on the National 
Cancer Institute Common Terminology Criteria 
for Adverse Events (NCI CTCAE; version 4.03). 
The Institutional Review Board at our hospital 
approved this study and the review board 
waived signed informed consent owing to the 
retrospective nature of the study. 

Diagnosis of hepatocellular carcinoma and 
follow-up protocol 

Diagnosis of HCC was based on the European 
Association for the Study of the Liver/European 
Organization for Research and Treatment of 
Cancer (EASL/EORTC) diagnostic guidelines 
[2]. We monitored HCC status by dynamic CT or 
MRI every 8-12 weeks, and measured the 
serum AFP levels at week 4, 12, and post 
nivolumab monotherapy. AFP level before treat-
ment was measured within 14 days before 
treatment initiation. We defined a novel 50-10 
rule, which consisted of four classes: a rapid 
decrease in AFP response of ≥ 50% of baseline 
at week 4 (class I), an AFP change within ± 50% 
of baseline at week 4 that later declined to ≥ 
10% of baseline (class II) or not (class III) at 
week 12, and a rapid increase in AFP of ≥ 50% 
of baseline at week 4 (class IV). Class I and II 
were AFP responders, whereas classes III and 
IV were AFP non-responders (Figure 1). 

Tumor response was assessed according to the 
revised Response Evaluation Criteria in Solid 
Tumors version 1.1 (RECISTv1.1) [25]: complete 
response (CR), defined as disappearance of all 
target lesions; partial response (PR), defined as 
at least a 30% decrease in the sum of the diam-
eters of target lesions; progressive disease 
(PD), defined as at least a 20% increase in the 
sum of the diameters of target lesions; and 
stable disease (SD), defined as neither PR nor 
PD.

Statistical analysis and definitions

Descriptive data with normal distribution are 
reported as mean ± standard deviation or as 
percentage; otherwise, they are presented as 
median (range). We used independent Stu- 
dent’s t-test and Mann-Whitney U test to assess 
differences between groups for variables that 
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showed normal and abnormal distribution, 
respectively. Chi-square test was applied to 
assess differences between two groups for cat-
egorical variables. Two-tailed P value of <0.05 
was considered statistically significant.

Progression-free survival (PFS) was defined as 
the time from the date of the first nivolumab 
administration until radiological disease pro-
gression or death, whichever came first. We 
censored the patients at the date of the last 
contact or data cutoff for patients who were 
still alive without radiologically confirmed pro-
gression. Overall survival (OS) was calculated 
from the start of nivolumab treatment until the 
date of death. Patients who were still alive were 
censored at the date of the last contact or data 
cutoff. Survival curves were calculated using 
the Kaplan-Meier method and compared using 
log-rank test. Predictive factors of PFS and OS 
were determined using a Cox regression model. 
Statistical analyses were performed using the 
SAS version 9.4 and SPSS software, version 
20.0 (SPSS, Inc., Chicago, IL).

Results

Patient data

A total of 90 patients who received nivolumab 
monotherapy for unresectable HCC were 
included in the study of AFP response. The 

baseline characteristics are shown in Table 1. 
The median AFP level was 466.7 ng/mL, and 
14.4% of the patients had low AFP levels (<10 
ng/mL) at baseline. Forty (44.4%) patients died 
during a median observation period of 8.7 (3.1-
49.1) months. The median OS and PFS were 
16.3 and 4.7 months, respectively.

The overall ORR and disease control rate (DCR) 
were 23.3% (21/90) and 53.3% (48/90) of the 
entire cohort, respectively. Patients with objec-
tive response had significantly better OS and 
PFS (median OS: 39.9 vs. 11.5 months, log-
rank P=0.001; median PFS: 19.4 vs. 3.6 
months, log-rank P<0.001). A total of 72 
patients had available first tumor image ass- 
essment results within 12 weeks after starting 
nivolumab monotherapy. Among them, 13 
(18.1%) patients had PR and 37 (51.4%) had 
SD at the initial image assessment. 

AFP decrease at week 4 and 12

Forty-seven (52.2%) patients had higher base-
line AFP level (≥ 400 ng/ml) before treatment 
but did not have statistically significant lower 
ORR than those patients with lower AFP level 
(<400 ng/ml) (21.3% vs. 25.6%, P=0.630) that 
baseline AFP level is not associated with 
response prediction. On the other hand, 34 
(37.8%) and 46 (51.1%) patients had an AFP 
decline of ≥ 10% at week 4 and 12, respective-

Figure 1. Four classifications by the 50-10 rule. Class I was defined as AFP response rapidly declined ≥ 50% of base-
line at week 4. Class II and III were defined as AFP changes within the range of ± 50% at week 4, followed by AFP 
decline ≥ 10% of baseline (class II) or not (class III) at week 12. Class IV was defined as AFP rapidly rising by ≥ 50% 
of baseline at week 4.
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ly. Patients with AFP levels decline of ≥ 10% at 
week 4 and 12 showed significantly higher ORR 
(week 4: 44.1% vs. 10.7%, P<0.001; week 12: 
41.3% vs. 4.5%, P<0.001). Of the 13 patients 
with baseline AFP <10 ng/ml, a decline of ≥ 
10% also showed a trend of higher ORR, 
although this trend was not statistically signifi-
cant (week 4: 50.0% vs. 22.2%, P=0.317; week 
12: 33.3% vs. 28.6%, P=0.853). There were 18 
patients with inconsistent AFP responses 
between week 4 and 12: three patients initially 
showed response at week 4, but later became 
non-respondent at week 12; all these patients 
died of tumor progression. Another 15 patients 
had delayed AFP response at week 12: 5 

(33.3%) of which had objective image response, 
and 14 of which (93.3%) were alive until the  
last follow-up. Comparison of OS between AFP 
responders and non-responders showed that 
AFP responders showed no significantly longer 
OS at week 4 (median OS: 17.1 vs. 14.7 months, 
log-rank P=0.338) (Figure S1A), but showed 
significantly longer OS at week 12 (median OS: 
not reached vs. 7.7 months, log-rank P<0.001, 
Figure S1B). 

The 50-10 rule of AFP response

There were 19 (21.1%), 25 (27.8%), 26 (28.9%), 
and 20 (22.2%) patients in class I to IV, respec-

Table 1. Baseline characteristics of enrolled patients
Variables No. of patients (N=90) %
Age (years-old) 61.4 (26.3-86.0) 100
Male gender 68 75.6
Etiology
    HBV/HCV/NBNC 59/17/14 65.6/18.9/15.6
Child-Pugh A/B 76/14 84.4/15.6
ALBI grade I/II/III 39/48/3 43.3/53.3/3.3
Portal vein thrombosis 
    0/Vp1,2/Vp3,4 48/13/29 53.3/14.4/32.2
Extra-hepatic metastasis 54 60.0
AFP (ng/ml) 466.7 (2.0-1043407.0) 100
    <10/10-400/≥ 400 13/30/47 14.4/30.3/52.2
BCLC stage B/C 16/74 17.8/82.2
Lines of systemic therapy
    1/2/>2 37/43/10 41.1/47.8/11.1
Prior locoregional therapy 71 78.9
    Resection/RFA or TACE 27/44 38.0/62.0
Previous Sorafenib history 47 52.2
Post PD therapy 32 35.6
    Sorafenib/Chemotherapy 17 53.1
    Regorafenib/Lenvatinib/Carbozantinib 7 21.9
    Atezolizumab plus Bevacizumab 1 3.1
    Others (RT/TACE/Resection) 7 21.9
Overall IrAE Any grade Grade ≥ 3
    Skin rash 24 0 26.7/0
    Hepatitis 23 7 25.6/7.8
    Colitis 1 0 1.1/0
    Pneumonitis 5 1 5.6/1.1
    Hypothyroidism 6 0 6.7/0
    Adrenal insufficiency 2 0 2.2/0
Mortality 40 44.4
Abbreviations: AFP, alpha-fetoprotein; ALBI, albumin-bilirubin index; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Coop-
erative Oncology Group; HBV, hepatitis B virus; HCV, hepatitis C virus; IrAE, immune related adverse effect; NBNC, non hepatitis 
B and C virus; PD, progression disease; RFA, radiofrequency ablation; RT, radiotherapy; TACE, transarterial chemoembolization.
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tively, according to the AFP response at week 4 
and 12 (Figure 1). Class I and II included three 
patients with CR and 15 patients with PR, 
whereas class III and IV only had one PR patient. 
Rapid increases or decreases in AFP of beyond 
50% at week 4 were highly associated with AFP 
response at week 12, and significantly corre-
lated with ORR (class I vs. IV, P<0.001, Figure 
1). Patients in class I had the best ORR, fol-
lowed by class II, III, and IV (47.4%, 36.0%, 7.7%, 
and 5.0%, P<0.001, Figure 1). Patients in class 
I and II showed significantly longer median OS 
than those in class III and VI (OS: not reached 
and not reached vs. 11.5 and 7.4 months, log-
rank P=0.001, Figure 2A). Similarly, patients in 
class I and II also had longer PFS than those in 
class III and IV (median: 9.7 and 9.6 vs. 3.1 and 
2.6 months, log-rank P<0.001, Figure 2B). 
When further comparing with class III, patients 
in class II also had longer OS (median: not-

reached vs. 11.5 months, log-rank P=0.022) 
and PFS (median: 9.6 vs. 3.1 months, log-rank 
P=0.004). Baseline pretreatment AFP response 
in class I and II also served as a favorable inde-
pendent factor of OS (aHR =0.301, P=0.001; 
Table 2) and PFS (aHR =0.332, P<0.001; Table 
3), as determined by Cox regression in multi-
variate analysis.

For predicting OS, PFS and ORR, respectively, 
the assessment by the 50-10 rule rather than 
only AFP ≥ 50% reduction at week 4, ≥ 10% 
reduction at week 4 or week 12 had best sensi-
tivity (66.0% vs. vs. 28.0% vs. 40.0% vs. 64.0%, 
76.9% vs. 30.8% vs. 50.0% vs.76.9%, 90.5% 
vs. 42.9% vs. 71.4% vs. 85.7%), specificity 
(70.0% vs. 87.5% vs. 65.0% vs. 67.5%, 67.2% 
vs. 82.8% vs. 62.5% vs. 59.4%, 72.5% vs. 
85.5% vs. 62.3% vs. 60.9%), positive predictive 
value (PPV) (72.7% vs. 73.4% vs. 58.8% vs. 

Figure 2. Kaplan-Meier curves. Comparison of (A) overall survival (OS) among the four classes, (B) progression-free 
survival (PFS) among the four classes, (C) OS between class I/II and III/IV patients who received nivolumab as more 
than a second-line therapy, and (D) OS between class I/II and III/IV patients with stable disease on the initial image 
assessment. 



AFP response determines prognosis of unresectable HCC patients

2324 Am J Cancer Res 2021;11(5):2319-2330

71.7%, 45.5% vs. 42.1% vs. 29.5% vs.43.5%, 
40.9% vs. 47.4% vs. 44.1% vs. 41.3%) and neg-
ative predictive value (NPV) (61.4% vs. 49.3% 
vs. 46.4% vs. 60.9%, 87.0 vs. 74.6% vs. 79.6% 
vs. 86.4%, and 95.5% vs. 83.1% vs. 89.3% vs. 
93.5%) (Table 4).

Subgroup analysis using the 50-10 rule

A total of 53 patients received nivolumab as 
more than a second-line therapy. ORR was 
found in 10 of 24 patients (41.7%) in class I and 

II, and only 2 of 29 patients (6.9%) had an 
image response in class III and IV. Patients in 
class I and II had significantly better ORR than 
those in class III and IV (P=0.003). Patients in 
class I and II also had better DCR (70.8% vs. 
31.0%, P=0.004), longer median PFS (9.6 vs. 
2.8 months, log-rank P=0.001), and superior 
median OS (not reached vs. 9.7 months, log-
rank P=0.010, Figure 2C) compared with their 
counterparts. In patients treated with nivolum-
ab as a first-line therapy, this 50-10 rule also 
showed similar results of better ORR, DCR, 

Table 3. Cox’s proportional hazards model for predictors of progression free survival

Variables
Univariate Multivariate

HR 95% CI p value HR 95% CI p value
AFP 50-10 rule (class I/II vs. class III/IV) 0.311 0.185-0.524 <0.001 0.332 0.194-0.567 <0.001
Age ≥ 60 y/o (vs. <60 y/o) 1.255 0.762-2.068 0.372
Male (vs. female) 1.429 0.812-2.514 0.216
Viral infection (vs. others) 1.801 0.905-3.584 0.094
ALBI grade I (vs. II/III) 0.471 0.276-0.801 0.005 0.518 0.302-0.888 0.017
Platelet count ≥ 100 K (vs. <100 K) 0.716 0.417-1.230 0.226
Portal vein thrombosis (Vp3/4 vs. Vp1/2) 1.235 0.549-2.777 0.610
Extrahepatic metastasis (vs. No) 1.081 0.654-1.787 0.761
AFP ≥ 400 ng/ml (vs. <400 ng/ml) 1.535 0.929-2.535 0.094
BCLC stage B (vs. C) 0.972 0.504-1.875 0.933
First-line (vs. second-line) 0.866 0.524-1.430 0.574
First objective response (vs. No) 0.438 0.204-0.939 0.034 0.443 0.204-0.960 0.039
IrAE (vs. No) 1.548 0.942-2.544 0.085
Abbreviations: AFP, alpha-fetoprotein; ALBI, albumin-bilirubin index; BCLC, Barcelona Clinic Liver Cancer; IrAE, Immunotherapy 
related adverse events.

Table 2. Cox’s proportional hazards model for predictors of overall survival

Variables
Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value
AFP 50-10 rule (class I/II vs. class III/IV) 0.296 0.150-0.583 <0.001 0.301 0.156-0.614 0.001
Age ≥ 60 y/o (vs. <60 y/o) 1.698 0.900-3.205 0.102
Male (vs. female) 1.935 0.930-4.026 0.078
Viral infection (vs. others) 1.958 0.765-5.014 0.161
ALBI grade I (vs. II/III) 0.573 0.298-0.902 0.045 0.656 0.340-1.266 0.208
Platelet count ≥ 100K (vs. <100K) 0.811 0.410-1.603 0.546
Portal vein thrombosis (Vp3/4 vs. Vp1/2) 1.084 0.555-2.120 0.813
Extrahepatic metastasis (vs. No) 1.224 0.637-2.353 0.544
AFP ≥ 400 ng/ml (vs. <400 ng/ml) 1.390 0.740-2.611 0.306
BCLC stage B (vs. C) 0.979 0.404-2.372 0.963
First line (vs. second line or later) 1.275 0.683-2.378 0.445
First objective response (vs. No) 0.505 0.195-1.312 0.161
IrAE (vs. No) 1.817 0.892-3.698 0.100
Abbreviations: AFP, alpha-fetoprotein; ALBI, albumin-bilirubin index; BCLC, Barcelona Clinic Liver Cancer; IrAE, Immunotherapy 
related adverse events.
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PFS, and OS in class I and II patients than in 
class III and IV (ORR: 40.0% vs. 5.9%, P=0.016; 
DCR: 75.0% vs. 41.2%, P=0.037; median PFS: 
9.7 vs. 3.6 months, log-rank P=0.001; median 
OS: not reached vs. 7.4 months, log-rank 
P=0.004). 

In addition, a total of 37 patients showed SD on 
the initial image evaluation, including 18 
(48.6%) patients in class I and II. Six patients 
had an image response later, all of which were 
in class I and II and not in class III and IV (33.3% 
vs. 0%, P=0.008). Patients with initial SD in 
class I and II (n=18) had significantly longer PFS 
(13.9 vs. 3.6 months, log-rank P=0.001) and 
OS (not reached vs. 14.7 months, log-rank 
P=0.021) (Figure 2D) than those in class III and 
IV. 

Discussion

In this study, we propose a novel 50-10 rule 
algorithm based on AFP response at two time 
points, to include delayed AFP responders. This 
method can be used to select unresectable 
HCC patients who will benefit from nivolumab 
monotherapy with higher ORR. Patients select-
ed by the 50-10 rule also showed superior OS 
and longer PFS. 

There are currently no useful pretreatment bio-
markers to predict the image response of unre-
sectable HCC patients undergoing ICI therapy 
[2, 13, 14]. Although PD-L1 expression in 
immune or tumor cells has good association 
with image response for several cancer types 
[26-28], the predictive ability of treatment 
response targeting PD-L1 expression in HCC is 
restricted to certain HCC variants [29]. AFP 
response can be associated with ORR in 
patients who received various systemic thera-
pies including chemotherapy [21], target thera-
py [22] and recent ICI treatment [23, 24]. 
However, whether we use AFP ≥ 20% decline 
within 4 weeks conducted by Shao et al [23] or 
10-10 rule (baseline AFP ≥ 10 ng/ml and reduc-
tion ≥ of 10% within 4 week) conducted by Lee 
et al [24], these studies enrolled patients only 
in clinical trials [23] or treated with ICI com-
bined with other therapies [24], which may 
have led to higher ORR and DCR. Our results 
supported the association between AFP 
response and ORR at week 4 according to the 
10-10 rule conducted by Lee et al [24]. How- 
ever, association of AFP response with OS was 
observed at week 12 only, and not at week 4. 
The inconsistency between AFP response at 
week 4 and the ability to predict OS might be 
due to the delayed response to AFP under 

Table 4. Sensitivity, specificity, positive predictive value, and negative predictive value of different 
AFP response assessments for predicting overall survival, progression free survival and objective 
response rate

Variables 50-10 rule at week 
4 & 12

50% reduction at 
week 4

10% reduction at 
week 4

10% reduction at 
week 12

OS
    Sensitivity 66.0 28.0 40.0 64.0
    Specificity 70.0 87.5 65.0 67.5
    PPV 72.7 73.4 58.8 71.7
    NPV 61.4 49.3 46.4 60.9
PFS
    Sensitivity 76.9 30.8 50.0 76.9
    Specificity 67.2 82.8 62.5 59.4
    PPV 45.5 42.1 29.5 43.5
    NPV 87.0 74.6 79.6 86.4 
ORR
    Sensitivity 90.5 42.9 71.4 85.7
    Specificity 72.5 85.5 62.3 60.9
    PPV 40.9 47.4 44.1 41.3
    NPV 95.5 83.1 89.3 93.5
Abbreviations: NPV, negative predictive value; ORR, objective response rate; OS, overall survival; PFS, progression free survival; 
PPV, positive predictive value.
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monotherapy, and delayed responders could 
still have an excellent prognosis. Delayed 
response is rarely reported in previous studies 
probably because the enhanced anticancer 
activity of ICI combination therapy resulted in 
rapid AFP response, which masked the delayed 
response. Therefore, rapid AFP response at 
week 4 might not be suitable for predicting the 
prognosis of patients with HCC only receiving 
only nivolumab monotherapy. In the current 
real-world study with HCC patients only receiv-
ing nivolumab as monotherapy enrolled, we 
found that AFP level ≥ 50% rather than 10% 
reduction at week 4 had better specificity and 
AFP level ≥ 10% reduction at week 12 rather 
than week 4 had better sensitivity in predicting 
OS, PFS and ORR. Therefore, we further con-
ducted a novel 50-10 rule of AFP response 
evaluated at two time-points (50% AFP level 
change at week 4 and 10% AFP level change 
from baseline at week 12, respectively), includ-
ing 4 classes provides practical guidance for 
nivolumab monotherapy in unresectable HCC 
patients especially for those delayed AFP 
response beyond 4 weeks. 

According to the novel 50-10 rule, patients in 
class I or IV showed a rapid change in AFP level 
exceeding 50% of the baseline at week 4. The 
AFP and overall image responses were highly 
consistent at weeks 4 and 12, which can help 
predict prognosis earlier at week 4. However, 
patients with a ± 50% AFP change at week 4 
had an uncertain prognosis, as some patients 
showed delayed AFP response. AFP decline of ≥ 

10% at week 12 may be used to predict progno-
sis; thus, patients with this decline were subdi-
vided into class II and III. AFP responses accord-
ing to the 50-10 rule was highly consistent with 
ORR, and could serve as an independent pre-
dictor for OS and PFS in multivariate analysis. 
Therefore, a therapeutic algorithm could be 
developed using the novel 50-10 rule of AFP 
response for patients receiving nivolumab 
monotherapy (Figure 3). Patients in class I and 
II tended to show objective image response to 
nivolumab monotherapy, demonstrating the 
potential for receiving treatment owing to the 
high ORR and excellent outcomes. On the con-
trary, for patients in class III and IV, image 
response should be assessed earlier and treat-
ment policy should be modified owing to the 
lower possibility of image response. A total of 
18 patients in class II had available first tumor 
image assessment results within 12 weeks 
after starting nivolumab monotherapy. Although 
13 patients showed non-response in initial 
image evaluation, all the patients kept nivolum-
ab therapy and they still had high ORR (23.1%) 
and DCR (76.9%) if achieving delayed AFP 
response at week 12. 

Currently, there are many options of systemic 
treatment for unresectable HCC [2, 16, 28, 30]. 
Nivolumab has been approved as a second-line 
treatment for HCC according to recently pub-
lished guidelines, and may serve as an alterna-
tive to a first-line therapy in real-world practice. 
However, the ORR of nivolumab monotherapy is 
only 15-20% [13, 17]. Combination therapies 

Figure 3. Algorithm of treatment decision based on alfa-fetoprotein response according to the 50-10 rule.
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with ICI plus vascular endothelial growth factor 
antagonists such as atezolizumab plus bevaci-
zumab [31], ICI plus tyrosine kinase inhibitors 
such as pembrolizumab plus lenvatinib [32], or 
combination therapy with two ICIs such as 
nivolumab plus ipilimumab [33] can provide 
>30% ORR. Nevertheless, combination thera-
pies require higher medical costs and probably 
pose higher risks of drug toxicity [28]. Therefore, 
nivolumab is preferred over combination thera-
pies, as it has similar ORR and overall survival 
when compared to combination therapies, but 
lower medical cost and possibly lower risk of 
high-grade adverse effects. The ORR of patients 
who received nivolumab monotherapy in our 
study was consistent with that in clinical trials. 
Thus, we propose that the 50-10 rule of AFP 
response can be used to select potential 
nivolumab responders among class I and II 
patients. 

The 50-10 rule of AFP response has good dis-
criminative ability for patients receiving 
nivolumab monotherapy either as a first-line or 
more than a second-line therapy. According to 
the 50-10 rule of AFP response, class I and II 
patients are those with an ORR above 40% 
both in the first- and more than a second-line 
therapy. Furthermore, class I and II patients, 
who showed SD at the initial image examina-
tion after the first 12 weeks of nivolumab 
monotherapy, are recommended to maintain 
nivolumab monotherapy according to the 50-10 
rule of AFP response, as the ORR may be higher 
than 30% and the cumulative 2-year OS rate 
may exceed 70%. 

However, this study has several limitations. 
First, this was a retrospective study, in which 
several patients received the first image 
assessment beyond the first 12 weeks, and 
only 72 patients had the first image evaluation 
within the first 12 weeks. Second, most of our 
patients (65.6%) had chronic hepatitis B virus 
infection as the underlying hepatic disease. Our 
results should be interpreted with caution when 
investigating other populations. Third, only 
14.4% of patients with baseline AFP levels 
below 10 ng/mL were enrolled in our study. 
Generally, up to 30% of HCC patients have low 
AFP level at the time of diagnosis, even those 
with advanced HCC [34] and the level usually 
remain low during treatment. The small number 
of enrolled patients with low baseline AFP lev-

els may indicate that pretreatment AFP level 
has a limited role in predicting the prognosis of 
patients who received nivolumab therapy for 
unresectable HCC. Although patients with a 
baseline AFP level lower than 10 ng/mL with a 
10% reduction still have a similar trend in ORR, 
caution should be exercised when applying the 
50-10 rule in these patients owing to the small 
sample size and possible amplification of labo-
ratory errors.

In conclusion, the novel 50-10 rule of AFP is a 
useful tool for predicting the prognosis of 
patients who received nivolumab monotherapy 
and those with AFP delayed response. A rapid 
decline in AFP level of more than 50% from 
baseline at week 4 is a predictor of good prog-
nosis. Patients with AFP change at week 4 with-
in ± 50% from baseline should be checked for 
AFP level at week 12 to help predict prognosis. 
Besides, the 50-10 rule of AFP response could 
serve as a practical guidance to determine 
patients who will benefit from nivolumab mono-
therapy as first- or more than a second-line 
treatment for unresectable HCC or those who 
should shift early to combined therapy if feasi-
ble. It could also guide the treatment of patients 
who had SD at the initial image assessment 
within the first 12 weeks of nivolumab mono-
therapy. This recommendation, however, still 
needs to be validated in a larger prospective 
cohort.
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Figure S1. Kaplan-Meier curves. Comparison of overall survival (OS) between AFP responders and non-responders 
at week 4 (A) and week 12 (B) of nivolumab monotherapy for unresectable hepatocellular carcinoma.


