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A B S T R A C T

Background aims: This prospective clinical study aimed to determine the efﬁcacy and prognostic factors of
adoptive activated abT lymphocyte immunotherapy for various refractory cancers. The primary endpoint
was overall survival (OS), and the secondary endpoint was radiological response.
Methods: The authors treated 96 patients. Activated abT lymphocytes were infused every 2 weeks for a total
of six times. Prognostic factors were identiﬁed by analyzing clinical and laboratory data obtained before
therapy.
Results: Median survival time (MST) was 150 days (95% conﬁdence interval, 105 191), and approximately
20% of patients achieved disease control (complete response + partial response + stable disease). According
to the multivariate Cox proportional hazards model with Akaike information criterion best subset selection,
sex, concurrent therapy, neutrophil/lymphocyte ratio, albumin, lactate dehydrogenase, CD4:CD8 ratio and T
helper (Th)1:Th2 ratio were strong prognostic factors. Using parameter estimates of the Cox analysis, the
authors developed a response scoring system. The authors then determined the threshold of the response
score between responders and non-responders. This threshold was able to signiﬁcantly differentiate OS of
responders from that of non-responders. MST of responders was longer than that of non-responders
(317.5 days versus 74 days). The validity of this response scoring system was then conﬁrmed by internal
validation.
Conclusions: Adoptive activated abT lymphocyte immunotherapy has clinical efﬁcacy in certain patients. The
authors’ scoring system is the ﬁrst prognostic model reported for this therapy, and it is useful for selecting
patients who might obtain a better prognosis through this modality.
© 2022 International Society for Cell & Gene Therapy. Published by Elsevier Inc. All rights reserved.

Introduction
Recently, anti-cancer immunotherapy has emerged as the fourth
leading cancer treatment after surgery, radiotherapy and chemotherapy, and it is expected to greatly improve the prognosis of patients.
One of the various immunotherapies currently in use is adoptive activated abT lymphocyte immunotherapy, which was developed in the
1990s. This form of immunotherapy uses T cells activated by IL-2 and
* Correspondence: Atsushi Nonami, MD, PhD, Center for Advanced Medical Innovation, Kyushu University, 3-1-1, Maidashi, Higashi-ku, Fukuoka, Japan.
E-mail address: anonami@camiku.kyushu-u.ac.jp (A. Nonami).

anti-CD3 antibody. Mechanistically, Noguchi et al. [1] reported that
adoptive activated abT lymphocyte immunotherapy can restore an
impaired and imbalanced T-cell immune status. Takayama et al. [2]
also concluded that it is a safe and feasible treatment that can
improve recurrence-free outcomes after surgery for hepatocellular
carcinoma (HCC). Others have reported its clinical effectiveness in a
particular subtype of lung cancer [3] and stage IV colorectal cancer
[4]. In addition, this therapy is less toxic than conventional chemotherapy and novel therapies such as immune checkpoint inhibitor
therapy and chimeric antigen receptor T-cell therapy [5]. However,
most reports are retrospective studies or have a small sample size;
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reports of prospective studies with a signiﬁcant number of patients
are also very limited. The reports that are available suggest that this
immunotherapy might be effective for particular groups. Unfortunately, the prognostic factors associated with this therapy remain
unknown.
Hence, the authors conducted a prospective observational clinical
study of adoptive activated abT lymphocyte immunotherapy
(UMIN000019367). This study aimed to assess the efﬁcacy and safety
of this therapy and to develop and validate a responder prediction
model. This study is the ﬁrst to report a prognostic model for this
immunotherapy. This model can be used for selecting patients who
are suitable for this treatment.
Methods
Patients, study design and assessments
The authors treated 96 patients aged greater than 20 years who
were diagnosed with cancers resistant to current standard treatments or who were ineligible for standard treatments (see supplementary Figure 1). The authors excluded those who had an
autoimmune disease with immunosuppressive therapy or had previously received programmed cell death protein 1/programmed death
ligand 1 blockade therapy or organ transplantation. This study was a
prospective, single-arm, observational, single-center study of adoptive activated abT lymphocyte immunotherapy in patients with
refractory cancers. Registration began September 1, 2011, and ended
March 31, 2016. The observation period ended November 30, 2018.
The primary endpoint was overall survival (OS), and the secondary
endpoints were radiological response.
Tumors were evaluated by contrast-enhanced computed tomography before and after therapy. Two radiologists who did not have a
conﬂict of interest with the study evaluated radiological changes as
complete response (CR), partial response (PR), stable disease (SD) or
progressive disease according to Response Evaluation Criteria in Solid
Tumors version 1.1. One patient was withdrawn from the study
because of proliferation failure of the abT lymphocytes. All recorded
adverse events were graded using Common Terminology Criteria for
Adverse Events version 4.0. Deaths from primary cancer were
excluded from the adverse events. This study followed the principles
of the Declaration of Helsinki and the Japanese Ethical Guidelines for
Clinical Research. The institutional review board of the Kyushu university hospital approved the study and written informed consent
was obtained from all patients.
Adoptive activated abT lymphocyte immunotherapy
Peripheral blood mononuclear cells were obtained by continuous peripheral apheresis and then cultured with immobilized
anti-CD3 antibody and IL-2 for 14 days as described previously
[3,5]. These activated T lymphocytes were administered intravenously every 2 weeks for a total of six times. In some patients,
therapy was discontinued because of exacerbation of the general
condition.
Flow cytometry analysis
The peripheral blood of patients underwent immunophenotyping
before the start of therapy and before the fourth therapy. For ﬂow
cytometry analysis, the authors used the following monoclonal antibodies: anti-CD3-FITC, anti-CD3-PC5, anti-CD4-PE, anti-CD8-PC5,
anti CD25-FITC, anti-CD45-ECD, anti-CD56-PE, anti-TCRpandg -FITC,
anti-TCRpanab-PE, anti-TCRVg 9-FITC, anti-IFNg -FITC, anti-IL4-PE
(Beckman Coulter, Brea, CA, USA) and anti-Foxp3-PE (Becton Dickinson, Franklin Lakes, NJ, USA). Data were analyzed using Cytomics FC
500 (Beckman Coulter).

Statistical analysis and development and validation of scoring system
To predict immunotherapy responders, the authors developed a
response scoring system. The authors ﬁrst randomly divided patients
into two groups, with 68 (70%) patients in a development group and
28 (30%) patients in a validation group. The authors also categorized
consecutive variables into tertiles.
Furthermore, the authors used a combination of step-wise selection and best subset selection using the Akaike information criterion
developed by Shtatland et al. [6]. First, the optimal number of explanatory variables for a Cox proportional hazards model was determined
by step-wise selection. Next, the authors assessed a broad spectrum
of candidate variables using best subset selection. This analysis identiﬁed seven explanatory variables (sex, concurrent therapy, neutrophil/lymphocyte ratio [NLR], albumin, lactate dehydrogenase [LDH],
CD4:CD8 ratio and T helper (Th)1:Th2 ratio) out of 23 potential
candidate variables from demographic, laboratory and ﬂow cytometry variables.
Table 3 lists the parameter estimate of each explanatory variable,
which was considered a coefﬁcient of the linear prediction model. To
simplify the prognostic score model, the authors assigned an integer
parameter for each parameter estimate to approximate the estimates.
Basically, the authors set the ﬁrst tertile as a reference value. However, the authors reversed the order of categories (Tables 3, 4) when
a parameter estimate was negative to make the response score the
natural number (Table 3). In this way, clinicians can easily sum up
each score (Table 4).
Next, the authors divided the hazard ratios (HRs) of the 10 subgroups by the decile of the response scores. These HRs were then
used to decide the cutoff value of the response scores to predict the
responders. This threshold was applied in the development group
(n = 68) (Figure 2A). Subsequently, the performance of this responder
prediction model was evaluated in the validation group (n = 28) using
a Kaplan Meier plot and generalized Wilcoxon test (Figure 2B). All
analyses were conducted using JMP 14 software (JMP Statistical
Discovery LLC, Cary, NC, USA) and SAS 9.4 software (SAS Institute Inc,
Cary, NC, USA).
Results
Patient characteristics and laboratory data
The authors treated 96 patients (median age, 64 years), approximately 40% of whom were male. Performance status was 2 in
approximately 90% of patients, and more than 50% received concurrent treatment during abT lymphocyte immunotherapy. Patient
characteristics as well as peripheral blood data (NLR, albumin and
LDH) of all patients before the ﬁrst therapy are shown in Table 1. A
total of 15, 11 and 10 patients had gastric, colon and non-small cell
lung cancer, respectively (see supplementary Table 1).
Flow cytometry analysis
Table 1 shows data with regard to peripheral blood immunophenotyping in all patients before the ﬁrst therapy, and supplementary
Table 2 presents the average number of various cell populations in
the ﬁrst three batches of infused cells. The median number of CD45+
mononuclear cells infused per treatment was 6.39 £ 109, and the
median number of CD3+ab+ cells was 5.78 £ 109; thus, approximately 84% of infused cells were CD3+ab+ cells. Furthermore, the
median numbers of CD3+CD4+CD8
and CD3+CD4 CD8+ cells
infused per therapy were 3.13 £ 109 and 2.12 £ 109, respectively.
In addition, the authors analyzed the immune cells of 66 patients
before the ﬁrst therapy as well as before the fourth therapy to evaluate the effect of infusing cultured activated abT lymphocytes. After
therapy, the average numbers of CD3+ab+, CD3+CD4+ and CD3+CD8
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Table 1
Characteristics of all patients treated with adoptive activated abT lymphocyte immunotherapy.
Variable
Nominal variables
Sex
Male
Female
Concurrent therapy
Negative
Positive
Performance status
0 2
3 4
Continuous variables
Age
NLR
Albumin
LDH
CD45+
(MNC)CD3+ab+
(MNC)CD3+gd+
(MNC)CD3+CD4+CD8(MNC)SCD3+CD4 CD8+
(MNC)CD3 CD56+
(MNC)CD3+CD56+
(CD3+CD4+)IFN-g +IL4
(CD3+CD4+)IFN-g IL4+
(CD3+CD4+)Foxp3+
(CD3+CD4+)Foxp3+CD
CD4:CD8
Th1:Th2

Development group

Validation group

n

All patients
%

n

%

n

%

40
56

41.7
58.3

28
40

41.2
58.8

12
16

42.9
57.1

44
52

45.8
54.2

30
38

44.1
55.9

14
14

50
50

85
11

88.5
11.5

61
7

89.7
10.3

24
4

85.7
14.3

n

Median

IQR

n

Median

IQR

n

Median

IQR

96
95
96
96
96
96
96
96
96
96
82
96
96
96
96
96
95

64
3.5
4
220
4669
635
18
420
198
134
26
49
14
1
4.1
2
3.1

56 70
2.2 6.8
3.5 4.3
172 298
3613 6040
446 825
10 35
274-568
134 275
81 255
15 45
32 84
9.0 25
0.4 2.0
2.2 7.0
1.3 2.7
2.0 5.7

68
67
68
68
68
68
68
68
68
68
59
68
68
68
68
68
67

63
3.5
4
232
4656
567
17
391
179
141
26
49
13
1
4.1
2
3.2

56 70
2.2 6.2
3.5 4.3
178 334
3216 5867
373 793
9 34
263 561
123 260
82 255
13 45
31 82
9 26
0.4 2.0
2.1 7.0
1.4 2.8
1.9 5.4

28
28
28
28
28
28
28
28
28
28
23
28
28
28
28
28
28

65
3.2
4.1
204
4940
698
22
457
228
125
26
56
16
1
4
2.1
3.1

59 68
2.2 7.2
3.6 4.3
158 232
3886 6318
518 899
14 43
345 591
168 338
77 247
16 47
34 95
10 23
1.0 2.5
2.4 7.1
1.0 2.7
2.1 6.3

Results of laboratory tests and ﬂow cytometry analysis of peripheral blood of patients before therapy are shown.
IFN-g , interferon gamma; n; number, IQR, interquartile range; MNC, mononuclear cell.

+ cells were signiﬁcantly increased (P < 0.05) (see supplementary
Table 3). Conversely, some cell populations, including CD3+CD56+
and CD3+CD4+Foxp3+ cells, did not signiﬁcantly change.

OS and results of radiological evaluation by Response Evaluation Criteria
in Solid Tumors version 1.1
Figure 1 illustrates the Kaplan Meier curve of the patients. The
median survival time (MST) was 150 days (95% conﬁdence interval,
105 191). The disease control rate (CR+PR+SD) was 21.2%, and the
overall response rate (CR+PR) was 7.6% (see supplementary Table 1),

Fig. 1. Kaplan Meier curve of the 96 patients treated with adoptive activated abT
lymphocyte immunotherapy. MST was 150 days (95% CI: 105 191). CI, conﬁdence
interval.

Factors associated with OS
The authors used the clinical, peripheral blood and ﬂow cytometry data obtained before the therapy to identify the factors associated
with OS. As shown in Table 2, the univariate Cox proportional hazards
model revealed that age, NLR, albumin, LDH and number of CD45+
and CD3+CD4+CD8 cells were signiﬁcantly associated with OS (P <
0.05).
Development of a prognostic model
The authors’ next goal was to develop a responder scoring model.
Since it is suggested that approximately 70% of the total population
(in the authors’ case, the enrollment number) be used for model
development and 30% for model validation [7], the authors ﬁrst randomly divided the data of patients into two groups: a development
group (n = 68) and a validation group (n = 28). Table 1 shows the
characteristics and other data of these two groups. Patient characteristics were basically comparable between the two groups. Second,
continuous variable data were categorized into tertile groups. The
multivariate Cox proportional hazards model using a combination of
step-wise selection and best subset selection according to Akaike
information criterion revealed that of the 23 candidate variables,
seven (sex, concurrent therapy, NLR, albumin, LDH, CD4:CD8 ratio
and Th1:Th2 ratio) were strong predictors of immunotherapy
response. Table 3 lists the parameter estimates and HRs. To simplify
the model, the authors approximated and modiﬁed the parameter
estimates into natural numbers, as described earlier. By using these
modiﬁed parameters, the authors developed a response scoring
model (Table 4).
Next, patients from the development group were divided into 10
groups by the decile of the response scores, and the HRs of these subgroups are shown in supplementary Figure 2. HRs seemingly showed

ARTICLE IN PRESS
4

A. Nonami et al. / Cytotherapy 00 (2022) 1 6

Table 2
Results of univariate Cox proportional hazards regression analysis.
HR

Table 4
Response scores of seven parameters for the predictor model.

Clinical data/ﬂow
cytometry population

Unit increase＊

95% CI

P value

Age
Sex, male
Positive concurrent
therapy
PS 3 4
NLR
Albumin
LDH
CD45+
(MNC)CD3+ab+
(MNC)CD3+gd+
(MNC)CD3+CD4+CD8
(MNC)CD3+CD4 CD8+
(MNC)CD3 CD56+
(MNC)CD3+CD56+
(MNC)CD3+&CD4+IFNg +IL4
(MNC)CD3+CD4+IFNg IL4+
(MNC)CD3+CD4+Foxp3+
(MNC)CD3+CD4+Foxp3
+CD25+
CD4:CD8
Th1:Th2

1
Female
Negative concurrent
therapy
PS 0 2
1
1
100
100
100
100
100
100
100
10
10

1.585
0.989
0.691

1.041 2.437
0.969 1.009
0.454 1.056

0.5
1.204
0.393
1.12
1.014
0.969
0.803
0.884
0.963
0.959
1
0.974

0.270
1.090
0.255
1.069
1.004
0.904
0.358
0.793
0.829
0.861
0.948
0.927

10

0.908

0.757 1.076

0.273

1
0.1

0.905
0.998

0.770 1.041
0.992 1.003

0.172
0.408

1
1

0.964
0.992

0.803 1.138
0.943 1.035

0.67
0.728

1.012
1.309
0.609
1.167
1.021
1.032
1.603
0.984
1.100
1.044
1.046
1.018

Categorized parameter
Sex
Female
Male
Concurrent therapy
Yes
No
NLR
<2.65, ﬁrst tertile
2.65 5.10, second tertile
5.10, third tertile
Albumin
4.2, third tertile
3.8 4.2, second tertile
<3.8, ﬁrst tertile
LDH
<187, ﬁrst tertile
188 270, second tertile
270, third tertile
CD4:CD8 ratio
2.445, third tertile
1.485 2.445, second tertile
<1.485, ﬁrst tertile
Th1:Th2 ratio
4.88, third tertile
2.3 4.88, second tertile
<2.3, ﬁrst tertile

0.032
0.272
0.087
0.054
0.001
 0.0001
 0.0001
0.002
0.348
0.555
0.024
0.597
0.362
0.993
0.253

Results of univariate Cox proportional hazards regression analysis of OS using clinical,
laboratory and ﬂow cytometry data are shown. Parameters with a correlation efﬁciency
of more than 0.8 were excluded.
IFN-g , interferon gamma; MNC, mononuclear cell; PS, performance status. *Hazard ratio
is calculated per unit increase.

a clear difference between scores 12 and 13, and the cutoff value of
the responders was thus deﬁned as 13. The Kaplan Meier plot of
these groups divided by the threshold showed a signiﬁcant difference
(P < 0.0001) (Figure 2A). MST of the responders was 317.5 days,
whereas MST of the non-responders was 74 days.
Validation of the prediction model
Next, the authors evaluated the performance of the prediction
model by internal validation. The scores in the validation group
(n = 28) were divided into two groups according to the same threshold described earlier. The Kaplan Meier plot was signiﬁcantly different between the two groups (P = 0.027) (Figure 2B), suggesting that
the novel model was valid.
Adverse events
Two patients experienced grade 1 fever (Common Terminology
Criteria for Adverse Events version 4.0). Thus, the adverse event rate
was 2.1%.

Response score

4
0
1
0
10
5
0
10
5
0
2
1
0
4
2
0
4
2
0

Discussion
This prospective clinical study evaluated the efﬁcacy and prognostic factors of adoptive activated abT lymphocyte immunotherapy for
various refractory cancers. MST was 150 days, and in terms of radiological evaluation, the disease control rate (CR+PR+SD) was 21.2%.
The authors’ aim was not only to evaluate the therapeutic efﬁcacy
of adoptive activated abT lymphocyte immunotherapy but also to
develop a scoring system using OS data. This scoring system could be
used in the daily clinical setting. The authors hypothesized that prognosis should depend on multiple factors, including patient characteristics (e.g., age, sex and performance status), immunological status (e.
g., number of CD4+ and CD8+ T and natural killer cells) and cancer
status (LDH). Thus, all of these variables were analyzed simultaneously.
The authors’ multivariate Cox proportional hazards regression
with Akaike information criterion revealed that seven variables (sex,
concurrent therapy, NLR, albumin, LDH, CD4:CD8 ratio and Th1:Th2
ratio) were strong predictors of immunotherapy response (Table 3).
It is recommended that the number of variables used in multivariate
Cox regression analysis be approximately one tenth the number of
events (in our case, the number of the event (death) is 90) while
avoiding overﬁtting [8]. Thus, using seven variables was thought to
be reasonable for developing a model using the entire population.

Table 3
Results of multivariate Cox proportional hazards regression analysis.
Clinical data/ﬂow cytometry
population

Reference

Sex, male
Positive concurrent therapy
NLR
Albumin
LDH
CD4:CD8
Th1:Th2

Sex, female
Negative concurrent therapy
First tertile
First tertile
First tertile
First tertile
First tertile

Parameter
estimate
0.567
0.107
0.761
0.682
0.141
0.341
0.287

HR

1.763
0.898
2.14
0.506
1.152
0.711
0.751

Integerized
parameter
4
1
5
5
1
2
2

Reference for modiﬁed
parameter

Modiﬁed
parameter

Sex, male
Negative concurrent therapy
Third tertile
First tertile
Third tertile
First tertile
First tertile

4
1
5
5
1
2
2

Results of multivariate Cox proportional hazards regression analysis performed by applying Akaike information criterion using the data of 68 patients
randomly selected from the development group are shown.
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Fig. 2. (A) Kaplan Meier curves of responder group and non-responder group of
development group (n = 68) showed a statistically signiﬁcant difference, with MST of
317.5 days and 74 days, respectively. (B) Kaplan Meier curves of responder group and
non-responder group of validation group (n = 28) showed a statistically signiﬁcant difference.

The authors conducted multivariate Cox proportional hazards regression “without” Akaike information criterion using all variables as
“consecutive variables” (except for nominal variables such as sex and
age) as a sensitivity analysis to show the robustness of the model,
although the results are not shown in this article. According to the
results shown in this article, the authors categorized the data as
described and then performed multivariate Cox proportional hazards
regression “with” Akaike information criterion best subset selection
using the “nominal variables.” This revealed that NLR, LDH and CD3
+CD4+CD8 cells were the statistically signiﬁcant prognostic factors.
These two analyses revealed basically comparable results, suggesting
that both methods are reliable.
The scoring system could be used for patient selection whenever
abT lymphocyte immunotherapy is considered. The authors’ data
demonstrated that patients with a score of 13 or more would have a
better prognosis and would be good candidates for this immunotherapy. This study is the ﬁrst to report the prognostic model of abT lymphocyte immunotherapy.
The authors discussed some of the key variables included in this
model. NLR has been reported as a prognostic marker for many cancer types [8,9], including colorectal cancer [10,11] non-small cell lung
cancer [12], HCC [13], nasopharyngeal carcinoma [14] melanoma

5

[15] and breast cancer [16]. NLR in the peripheral blood is generally
elevated in patients with more advanced or aggressive disease [17].
Fujisawa et al. [18] reported that NLR is associated with the outcome
of nivolumab immunotherapy in advanced melanoma, and Bagley
et al. [19] demonstrated that it is a marker of outcome in nivolumabtreated patients with advanced non-small cell lung cancer. The
authors’ study suggests that NLR could be a prognostic variable of
adoptive abT lymphocyte immunotherapy. Further study with a
larger sample size is warranted to validate NLR’s prognostic ability.
According to the authors’ study, LDH could also be a prognostic
factor of this therapy. Baseline LDH level is reportedly associated
with the outcome of nivolumab or ipilimumab immunotherapy in
advanced melanoma [20]. In addition, Lobefaro et al. [21] showed
that a higher LDH is associated with a worse outcome in non-small
cell lung cancer treated with immunotherapy. LDH is a tumor marker
of some cancers, including colon cancer and HCC [22]. The prognostic
ability of LDH might depend on the cancer type, and additional investigation of the results for each cancer type is necessary.
Moreover, ﬂow cytometry analysis revealed that CD4:CD8 ratio
and Th1:Th2 ratio in the peripheral blood of patients before therapy
were prognostic factors. Peripheral blood CD4:CD8 ratio was also
previously considered a prognostic factor in pancreatic cancer [23].
In addition, CD3+CD4+CD8 cells have multifaceted roles in cancer
immunity [24,25], among which are helping to target anti-tumor
cytotoxic lymphocytes through both direct and indirect mechanisms,
to perform direct anti-tumor activity through effector cytokine
(interferon gamma and tumor necrosis factor alpha) secretion and to
assist B cells in producing antibodies. Thus, patients with more CD3
+CD4+CD8 cells could have more robust cancer immunity, making
the association between these cells and prognosis reasonable. CD4:
CD8 ratio before therapy might also be associated with prognosis
regardless of whether adoptive activated abT lymphocyte immunotherapy is performed. However, considering that CD3+CD4+CD8
cells were most abundant among cultured cells infused during therapy (see supplementary Table 2) and that CD4:CD8 ratio was signiﬁcantly increased after therapy (see supplementary Table 3), cancer
immunity might further improve by performing immunotherapy to
help achieve a better prognosis. A prospective randomized study is
necessary to conﬁrm the presence of prognostic factors. In addition,
CD4 and Foxp3-expressing regulatory T cells suppress effective
tumor immunity [26], thereby affecting cancer prognosis. However,
the number of CD3+CD4+Foxp3+ and CD3+CD4+Foxp3+CD25+ cells
before therapy was not signiﬁcantly associated with prognosis in the
authors’ analysis (Tables 2, 3).
The authors’ ﬂow cytometry analysis also revealed Th1:Th2 ratio
as another prognostic factor. Hao et al. [27] reported that serum
tumor necrosis factor:IL-4 ratio, which mainly reﬂects Th1:Th2 ratio,
positively correlates with survival in patients with ovarian cancer.
Additionally, Lee et al. [28] showed that a shift toward increased Th1
response exerts favorable immunological effects on HCC prognosis.
In advanced cancer, the Th cell balance tends to shift from Th1 to Th2
predominance, and immune function, including the cell-mediated
immunity mainly exerted by Th1-positive cells, is impaired by cytokines produced by Th2 cells [29]. Thus, an increased Th1:Th2 ratio
before therapy is possibly related to a better prognosis.
This study has some limitations. Regarding external generalizability, this study involved single-center, single-arm research. Nevertheless, it is prospective in design, and the outcome used in the
prediction model is all-cause mortality, suggesting that the study’s
external generalizability remains preserved. However, model validation using external data is required to truly generalize the model,
although it was not possible this time because this was a single-center clinical study, and there was no other dataset from the same study
with a large number of patients with the same analysis, including the
ﬂow cytometry analysis, available. With respect to internal generalizability, the extent of differentiation between the responder and non-
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responder groups is smaller in the validation group than in the development group (Figure 2A,B), possibly reﬂecting overﬁtting during the
process of model development. However, the authors were able to
signiﬁcantly differentiate the two groups statistically in the validation group with only 26 patients, and the selected predictive variables were reasonably scientiﬁcally associated with cancer immunity.
Hence, the internal generalizability is maintained.

[4]

[5]

[6]

Conclusions
By using OS data in this prospective clinical study, the authors
developed and validated a prognostic model for selecting candidates
for adoptive activated abT lymphocyte immunotherapy. This model
is the ﬁrst prognostic model reported for this immunotherapy and
could be used to select patients who are suitable for therapy at an
outpatient level. Given that all variables are available in the outpatient setting and this immunotherapy is costly, this system could be
applied in daily clinical practice and would be useful in terms of medical economy. In addition, the method used to develop the model
could be employed when establishing other prognostic models for
novel immunotherapies such as immune checkpoint inhibitor therapy and chimeric antigen receptor T-cell therapy.
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