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Abstract: Aggressive mature T-cell lymphoma (TCL) is a disease that carries a poor prognosis. The
mechanism, at the functional protein level, of the resistance to therapy of TCL has not yet been well
clarified. To comprehensively clarify the mechanism, we first reviewed the literature, as mentioned
in the Introduction section, on 22 types of representative functional proteins reported as being
potentially associated with treatment resistance, mainly in hematologic tumors. Next, we
retrospectively analyzed the tumor cell expressions of these 22 functional proteins in 16 randomly
selected patients with TCL who had received CHOP (cyclophosphamide, hydroxyl doxorubicin,
oncovin, and prednisolone) therapy as first-line treatment. As a result, we propose a new three-
group prognostic classification of TCL (the TCL Urayasu Classification) based on the mechanism of
resistance to treatment of these tumors. The study subjects included 7 patients (44%) with peripheral
T-cell lymphoma, not otherwise specified (PTCL-NOS), 6 patients (38%) with angioimmunoblastic
T-cell lymphoma (AITL), and 3 patients (19%) with anaplastic large T-cell lymphoma (ALCL).
Immunohistochemistry was performed in paraffin-embedded tumor tissue sections prepared from
these patients as antigens using antibodies against the 22 previously reported treatment-resistance-
related proteins to determine the tumor cell expression statuses of these proteins. Log-rank test was
performed to compare the overall survival (OS) after CHOP therapy of the patients showing
positive and negative immunostaining for these proteins, as well as among patients grouped based
on other factors. Overall, the median OS of the TCL patients was about 33.5 months. When
compared by the disease type, the prognosis was found to be worse in the order of ALCL, AITL,
and PTCL. A multivariate analysis showed that expression of glucose-regulated protein 94 (GRP94),
a protein that serves as a pro-survival component under endoplasmic reticulum (ER) stress in the
tumor microenvironment, was significantly associated with shortened survival. No significant
difference was observed for the conventional poor prognostic factors: high-risk International
Prognostic Index (IPI) and high-risk Prognostic Index for peripheral T-cell lymphoma, unspecified
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(PTCL-U) (PIT). However, when GRP94 was combined with six other factors, listed below, as
survival-shortening factors, significant differences were observed. The 6 factors were 1)
programmed cell death-ligand 1 (PD-L1) and 2) programmed cell death 1 (PD-1), which are
involved in immune surveillance; 3) aldo-keto reductase family 1 member C3 (AKR1C3), which is
an enzyme that inactivates CHO (cyclophosphamide [C], hydroxyl doxorubicin [H], and oncovin
[O]) of CHOP; 4) P53, a tumor suppressor; 5) Glucose-regulated protein 78 (GRP78), an ER stress
protein; 6) thymidine phosphorylase (TP), which is an enzyme involved in thymidine catabolism.
Based on the combination of GRP94 and the six other factors expressed in the tumors, we propose
a new prognostic classification system for TCL (TCL Urayasu classification). Group 1 (group with a
relatively good prognosis): GRP94-negative (n = 6; median OS, 88 months; p <0.01); Group 2 (group
with a poor prognosis): GRP94-positive, plus expression of 2 of the 6 aforementioned factors (n =5;
median OS, 25 months; p > 0.05); and Group 3 (group with a very poor prognosis): GRP94-positive,
plus expression of at least 3 of the 6 aforementioned factors (n =5; median OS, 10 months; p <0.01).
Thus, the TCL Urayasu prognostic classification is a simple, useful, and innovative classification
that also explains the mechanism of resistance to treatment for each functional protein.
Accumulation of more cases and further analyses are expected in the future to enable clinical
application, such as use of a stratified treatment approach and treatment using inhibitors.

Keywords: TCL; prognostic classification; GRP94; PD-L1; PD-L2; PD-1; AKR1C3; P53; GRP7S;
thymidine phosphorylase

Introduction (A brief review)

Aggressive mature T-cell lymphomas (TCL) comprise peripheral T-cell lymphoma, not
otherwise specified (PTCL-NOS), angioimmunoblastic T-cell lymphoma (AITL), and anaplastic large
T-cell lymphoma (ALCL). TCL is commonly treated with the CHOP regimen, but these tumors are
often refractory to this treatment, and the 5-year survival rate of these patients is approximately
30%][1]. While a comprehensive analysis of many genes involved in treatment resistance of malignant
hematologic tumors has been performed [2], no such comprehensive analyses of functional proteins
have been performed, although there are numerous isolated reports.

In the present study, we selected 22 functional proteins that are considered as relevant to
treatment resistance based on previous reports on resistance to treatment, and performed a
retrospective analysis of these prognostic factors. The study subjects were 16 patients with TCL who
had received first-line CHOP therapy, including 7 patients with PTCL-NOS, 6 patients with AITL,
and 3 patients with ALCL. Immunohistopathological staining was performed using control
antibodies to identify the tumor cells. Then, we determined the tumor expressions of the 22 types of
treatment-resistance-related proteins using the corresponding antibodies. As control factors, three
prognostic factors (International Prognostic Index [IPI], Prognostic Index for peripheral T-cell
lymphoma, unspecified [PTCL-U] [PIT], and non-remission [non-CR] and relapse within 1 year) were
selected[3,4].

The 22 types of proteins associated with treatment resistance selected by us can be classified into
the following categories (1) to (4):

(1) Microenvironmental components:

1) Endoplasmic reticulum (ER) stress proteins, which are non-immune cell components of the
tumor microenvironment (n = 4)

2) Immune cell components in the tumor microenvironment (n = 3)

(2) Enzymes metabolizing anticancer drugs (CHOP) (n =5)

(3) Anticancer drug (CHOP) efflux pumps (n = 3)

(4) Other functional proteins (n=7)

For the purpose of diagnosis, the expressions of hematoxylin-eosin staining (HE), cluster of
differentiation 2 (CD2), CD3, CD5, CD7, CD8, CD10, CD23, and CD30 were also examined.
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Furthermore, we reviewed (5) previously reported prognostic factors, (6) previous reports on
large B-cell lymphoma (LBCL), and (7) the present report on TCL.

The above items (1) to (7) are explained below.

(1) Microenvironmental components:

1) Non-immune cell components in the tumor microenvironment: ER stress proteins 1 to 4 (n =
4)

1. Glucose-regulated protein 94 (GRP94)[5,6]

2. Glucose-regulated protein 78 (GRP78)[7]

3. Transforming growth factor 31 (TGFB1)[8]

4. Tumor necrosis factor al (TNFa1)[9]

1. GRP%4 and 2. GRP78 are molecules released into the extracellular space upon stress. They
allow tumors to overcome various stressful conditions in the tumor microenvironment, such as
hypoxia, hypoglycemia, dysregulation of homeostasis, altered cellular metabolism, and acidosis. 3.
TGFB1 plays an important role in promoting tumor progression; 4. TNFal inhibits tumor
progression.

2) Immune cell components 1 to 3 in the tumor microenvironment (n = 3)

1. Programmed cell death 1 (PD-1) (CD279)

2. Programmed cell death-ligand 1 (PD-L1, CD274)

3. Programmed cell death-ligand 2 (PD-L2, CD273)

In non-Hodgkin's lymphoma, the expression of PD-1/PD-L1 on the cell surface is also important,
and immune checkpoint inhibitor therapy is useful[10]. PD-L2-positive DLBCL carries a poor
prognosis[11].

(2) Enzymes (1 to 5) metabolizing anticancer drugs (CHOP) (n =5):

1. CYP3A4[12], which degrades CHOP in PTCL patients, inactivates many anticancer drugs. It
promotes inactivation of drugs inside tumors such as PTCL, causing a decrease in drug efficacy and
possibly resulting in drug resistance. 2. CYP2B6[13], which partially degrades CHOP, has been
reported in acute leukemia. CYP2B6 is associated with an increased risk of transformation to acute
lymphoblastic leukemia (ALL). As enzymes degrading CHO, 3. Aldo-keto reductase family 1
member C3 (AKR1C3)[14] in T-cell acute lymphoblastic leukemia (T-ALL) as well as 4. AKR1B1[15]
and 5. AKR1B10[16] in cancers have been reported. AKR1 is mainly present in the cytoplasm. AKR1
catalyzes the reduction of carbonyl groups to alcohols, converting them into a soluble form. AKR1
(CHO-metabolizing enzyme) also attenuates the efficacy of cyclophosphamide (C-metabolizing
enzyme), adriamycin (hydroxy doxorubicin; H-metabolizing enzyme), and oncovin (O-metabolizing
enzyme; vincristine).

Anticancer drugs efflux pumps 1 to 3 (n=3):

1. Multidrug resistance protein 1 (MDR1)[17] and 2. multidrug resistance-associated protein 1
(MRP1)[18] in PTCL-NOS as well as 3. MRP4[19] in cancers have been reported. MDR1and MRP1 are
present in the plasma membrane and are hydroxy doxorubicin-oncovin (HO) efflux pumps.
Overexpression of MDR1 and MRP1 results in tumor resistance to drugs.

Other functional proteins (1 to 7) (n=7)

1. Thymidine phosphorylase (TP)[20], which is involved in starvation resistance, angiogenesis,
invasion, and metastasis, is expressed in DLBCL and other cancers. TP is said to be identical to
platelet-derived endothelial cell growth factor (PDGF). The expression of TP in cancers and DLBCL
is associated with a poor prognosis due to its anti-apoptotic and angiogenic effects. 2. p53[21]
mutations in PTCL and 3. MYC expression[22] in NK/T-cell lymphoma make the disease refractory
to treatment. In children with acute leukemia, FLT3 gene mutations affecting the expression of 4.
equilibrative nucleoside transporter 1 (ENT-1)[23], which mediates uptake of cylocide into leukemia
cells, make the disease refractory to treatment. In malignant lymphoma and leukemia, chemotherapy
including platinum-based therapy involves 5. GST[24]. Concomitant development of 6. Fibrosis[25]
and high 7. Ki-67 expression[26] can also lead to a poor prognosis.

(3) Previously reported prognostic factors (n = 3)
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IPI[27], PIT[27], and non-remission and relapse within 1 year after remission in patients
receiving CHOP-like regimens[28] were used as controls.
(6) Previous report: LBCL Urayasu Classification[29]

Using immunohistochemistry, we examined the expressions of 17 drug-resistance protein
molecules reported previously that may be involved in the mechanism of resistance to R-CHOP-like
treatment in 42 patients with newly diagnosed LBCL. Based on the results, we were able to stratify
the LBCL patients them into four prognostic groups based on the histological prognostic index (HPI):
[1] Very good prognosis group: 5-year OS, 100%, negative tumor cell staining for both GRP94 and
CYP3A4; [2] Good prognosis group: 5-year OS, about 60%-80%, positive tumor cell staining for
GRP94 and negative staining for CYP3A4, and either negative staining for AKR1C3 and MDR1 or
MRP1 and P53; [3] Poor: 5-year OS of about 10%—20%, positive tumor staining for GRP94 and
negative staining for CYP3A4, plus positive staining for at least one of AKR1C3, MDR1, MRP1, and
P53; [4] Very poor: 1-year OS of 0%, positive tumor staining for both GRP94 and CYP3A4. Based on
the above findings, we believe that the HPI (TCL Urayasu Classification) is a simple, useful, and
innovative classification system for stratifying patients based on their resistance pattern to treatment,
and could be expected to be applied to clinical practice in future.

(7) The present report: TCL Urayasu Classification

We examined tumor specimens from 16 patients with newly diagnosed mature TCL by
immunohistochemistry, to determine the expressions of 22 drug resistance protein molecules
previously reported as being potentially involved in the mechanism of resistance to CHOP-like
treatments. Based on the results, we were able to stratify the patients into three prognostic groups
with differing overall survivals (OS): [1] Negative tumor staining for GRP94; [2] Positive tumor
staining for GRP94 and one or two other factors; and [3] Positive tumor staining for GRP94 and at
least three other factors. The TCL Urayasu prognostic classification a simple, useful, and innovative
classification according to the expressions of treatment resistance factors for stratifying the prognosis
of TCL patients from the viewpoint of the treatment resistance mechanism. It is expected to be applied
to a stratified treatment approach of patients with TCL in the future.

We compared the results from (5) and (6), and summarized and discussed in Figure 6. We
propose to accumulate more cases and analyze data from patients with other hematological tumors
in the future.

Patients and methods

Patients and Sample Collection

Of the patients who were newly diagnosed as having TCL at our hospital between 2012 and 2020
and received CHOP therapy as the initial treatment, 16 were randomly selected and enrolled in this
study. The disease type was PTCL-NOS in 7 patients, AITL in 6 patients, and ALCL in 3 patients.
Immunohistochemistry was performed using FFP specimens as antigens and 22 types antibodies for
the respective proteins. Positive and negative staining was determined by optical microscopy. The
results were accumulated and analyzed retrospectively.

As shown in Table 1, the 16 subjects consisted of 9 males and 7 females, with a mean age of 69.3
(33 to 79) years, including 12 subjects (75%) who were aged 65 years or over. According to assessment
by the Revised International Prognostic Index (R-IPI) at the first diagnosis, 9 patients (56%) were
classified as poor risk, and all of them received CHOP therapy as the initial treatment. The analysis
was performed using the log-rank test to compare the expressions of factors involved in the
metabolism of anticancer drugs and compare the survival (OS, PFS) after the first-line CHOP therapy.

Immunohistochemistry

Biopsy specimens from the patients were fixed in formalin and embedded in paraffin to prepare
tissue blocks, which were then sectioned and stained. The primary antibodies against the major
proteins involved in anticancer drug metabolism included 1) GRP9%4: Proteintech (Rosemont, IL
60018, USA), clone 1H10B7 (this monoclonal antibody was generated against the N-terminal region
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of full-length HSP90Db1.); 2) CYP3A4: Sigma-Aldrich (St. Louis, MO 63103, USA), SAB1400064 (this
polyclonal antibody was generated againstCYP3A4.); 3) AKR1C3: Proteintech, 11194-1-AP (this
polyclonal antibody was generated against AKRC3.); 4) MDR1 (P-glycoprotein): Proteintech, 22336-
1-AP (this polyclonal antibody was generated against MDR1.); 5) MRP1 (CD9): Proteintech, 60232-1-
IG (this monoclonal antibody was generated against the N-terminal region of full-length MRP1.); 6)
TGF betal: Proteintech, 21898-1-AP (this polyclonal antibody was generated against TGF-beta.); 7)
GRP78: Proteintech, 66574-1-IG (this monoclonal antibody was generated against the N-terminal
region of full-length GRP78.); 8) glutathione S-transferase kappal (GST): Proteintech, 14535-1-AP
(this polyclonal antibody was generated against GST1.); 9) thymidine phosphorylase: Abcam
(Cambridge, UK), ab226917 (this polyclonal antibody was generated against thymidine
phosphorylase.); 10) MRP4 (ABCC4): SANTA CRUZ BIOTECHNOLOGY (Dallas, TX 75220, USA),
SC-376262 (this monoclonal antibody was generated against the N-terminal region of full-length
MRP4 [amino acid 1-280].); 11) CYP2B6: LifeSpan BioSciences, Inc. (Seattle, WA 98121, USA)., LS-
(352084 (this polyclonal antibody was generated against CYP2B6.); 12) TNF1 alpha: Sigma-Aldrich,
SAB4502982 (this polyclonal antibody was generated against TNF1 alpha.); 13) PD-1; 14) PD-L1:
Proteintech (Rosemont . Illinois USA). 66248-1-IG, Mouse IgG1l monoclonal antibody. Clone
2B11D11; 15) PD-L2: Proteintech (Rosemont. Illinois USA), 18251-1-AP 16, Rabbit IgG polyclonal
antibody; 16) P53: Cell signaling Cell Signaling Technology, Inc. 3 Trask Lane Danvers, MA 01923,
USA. DO-7 mouse monoclonal antibody #48818; 17) c-MYC Abcam (Kendall Sq Cambridge, MA
02139 United States) Y69 clone ab32072; 18) ENT-1 (equilibrative nucleoside transporter 1):
Proteintech (Rosemont. Illinois USA). 1337-1-AP Rabbit IgG polyclonal antibody; 19) AKR1B1
Sigma-Aldrich (3050 Spruce Street Saint Louis, MO 63103 USA) Rabbit polyclonal antibody
HPA052751.20) AKR1B10 Sigma-Aldrich (3050 Spruce Street Saint Louis, MO 63103 USA) Rabbit
monoclonal antibody HPA(020280. After the immunostaining, two pathologists definitively
determined the results of the IHC staining. The criteria for judgment of positive IHC staining were
staining of more than 50% of the tumors; weakly positive abnormalities were also considered. The
concordance rate between the two pathologists for the staining results was about 83%. In case of
disagreement, the final diagnosis was arrived at by consensus.

Statistical Analysis

To confirm the association between the OS and poor prognostic factors/factors

involved in anticancer drug metabolism after the initial R-CHOP therapy, survival curves were
plotted by the Kaplan—-Meier method, and the factors significantly associated with the OS were
evaluated by the log-rank test. The significance level in the statistical tests was set at 0.05 (two-tailed)
and p <0.05 was considered as being indicative of a statistically significant difference. Statistical
analyses were performed using EZR version 2.7-1 software (Saitama Medical Center, Jichi Medical
University, Saitama, Japan).[30]

Multiple comparisons were not considered because of the exploratory nature of this study.

Results

Kaplan-Meier survival curves and between-group comparisons (log-rank test)

As shown in Figure 1, the median OS after the initial treatment with CHOP-like regimens was
33.5 months. A log-rank test and univariate analysis were performed for factors significantly affecting
the OS among the conventional poor prognostic factors and factors involved in the metabolism of
anticancer agents. In the subjects included in the present study, the prognosis by disease type
worsened in the order of PTCL-NOS (n = 7; median OS, 72 months), AITL (n = 6; median OS, 34
months), and ALCL (n = 3; median OS, 8 months). No significant differences in the conventional poor
prognostic factors, such as in the high-risk IPI or high-risk PIT were observed among the patients
with the three disease types. However, subjects in whom complete remission (CR) was achieved
showed a significantly better prognosis (n = 8; median OS, about 72 months; p < 0.01). Subjects who
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showed with non-CR or disease relapse within 1 year showed a significantly worse prognosis (n=10;
median OS, 13.5 months; p < 0.01).

As shown in Figure 2, the following five factors were identified as being significantly poor
prognostic factors: [1] Glucose-related protein 94 (GRP94) expression (n = 10; median OS, 13.5
months; p <0.01). Expression of this protein was also associated with non-CR or relapse within 1 year
(n =10; median OS, 13.5 months; p < 0.01); [2] PD-L1 expression (n = 4; median OS, 5.5 months; p <
0.01); [3] aldo keto reductase family 1 C3 (AKR1C3) expression (n = 6; median OS, 10 months; p <
0.01); [4] thymidine phosphorylase (IP) expression (n = 3; median OS, 6 months; p <0.01); [5] CYP2B6
expression (n = 4; median OS, 13.5 months; p < 0.05). The prognosis was significantly worse in the
subjects with tumor expression of the aforementioned factors [1] to [5].

The six factors (PD-L1, AKR1C3, P53, PD-1, GRP78, and TP) shown in Figure 3 also became
significant when combined with GRP94 expression.

Thus, the expression of GRP94 in combination with six other factors (PD-L1, AKR1C3, P53, PD-
1, GRP78, and TP) was important.

Therefore, we proposed a new HPI (TLC-Urayasu Classification) for predicting the response to
R-CHOP therapy in patients with newly diagnosed TCL. We divided the subjects into the following
three groups, as shown in Figure 4: Group 1 (relatively good prognosis): patients with tumors
showing negative staining for GRP94 (n = 8 median OS, 88 months; p < 0.01); Group 2 (poor
prognosis): patients with tumors showing positive staining for GRP94, plus positive staining also for
1 or 2 of the 6 other factors (n = 5; median OS, 25 months; p > 0.05); and Group 3 (absolutely poor
prognosis): patients with tumors showing positive staining for GRP94 and also positive staining for
at least 3 of the 6 other factors (n = 5; median OS, 10 months; p <0.01).

Table 2 summarizes the results of the analysis. It shows the median cumulative survival rate as
assessed by the Kaplan-Meier method in the 16 TCL subjects, as well as the results of the between-
group comparisons (p-value: log rank test). Poor prognostic factors were evaluated based on
differences in the OS. Factors marked with (#), namely, GRP94, AKR1C3, CYP2B6, PD-L1, and TP
were identified as the significant poor (p < 0.05) prognostic factors (Figure 2). Positive tumor
expression of GRP94 combined with expressions of at least one of the six other factors (PD-L1, TP,
AKR1C3, P53, PD-1, and GRP78) was identified as a significant combination (p < 0.01) of poor
prognostic factors (Figure 3).

Presentation of three representative cases, one each from Group 1, Group 2, and Group 3
classified according to the HPI (TCL Urayasu Classification), focusing on the findings of
immunohistochemistry.

Figures 5A, 5B, and 5C show a representative case each from of Group 1, Group 2, and Group 3
classified according to the HPI (TCL Urayasu Classification), along with their respective
immunohistochemical staining images.

The details are described below. Table 3 summarizes the results.

Figure 5A shows a representative case (Case 1) of Group 1 (relatively good prognosis); the tumor
was negative for GRP94 (n = 6; median OS, 88 months; p <0.01). The patient was a 73-year-old woman
who was diagnosed as having stage IIIB PTCL-NOS (high-risk IPI, PIT-Group 1). She achieved long-
sustained complete remission after 6 courses of CHOP therapy. She survived for 114 months without
relapse. Immunohistochemical staining showed a negative staining result of the tumor for GRP%;
the tumor also showed negative staining results for all of the 6 other poor prognostic factors (PD-L1,
TP, AKR1C3, P53, PD1, and GRP78). She initially presented in June 2014 with fever and pancytopenia.
CT revealed multiple enlarged lymph nodes in the left supraclavicular fossa, left axilla, mediastinum,
abdominal periaortic area, and abdominal cavity, along with pleural effusion and ascites. Therefore,
under the suspicion of malignant lymphoma, biopsy of an enlarged left supraclavicular fossa lymph
node was performed, which confirmed the diagnosis of PTCL-NOS.

Figure 5B shows a representative case of Group 2 (poor prognosis); The tumor showed positive
staining for GRP94 and also for one or two of the 6 other factors (n = 5; median OS, 25 months; p >
0.05). The patient was a 65-year-old woman who was diagnosed as having stage IVB AITL (high-
intermediate risk IPI, PIT-Group 3). She developed resistance to CHOP and also to 5 types of salvage
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treatment regimens, and died 25 months after the diagnosis. Immunohistochemistry revealed
positive staining of the tumor for GRP94. Of the 6 other poor prognostic factors (PD-L1, TP, AKR1C3,
P53, PD1, and GRP78), her tumor showed positive staining for AKR1C3 and GRP78. She was
diagnosed as having AITL by left inguinal lymph node biopsy in July 2017. She showed partial
remission after 3 cycles of CHOP therapy. However, in October 2017, her condition worsened again,
and she presented with worsened splenomegaly. In November 2017, she was started on forodesin, a
purine nucleoside phosphorylase (PNP) inhibitor drug. Positron emission tomography with
computer tomography (PET/CT) indicated a relapse of the disease, showing multiple nodules and
granular shadows in the lung fields. In February 2018, after 4 cycles of pralatrexate, she was
diagnosed as having disease progression, and concomitantly developed Epstein-Barr virus (EBV)-
related lymphoproliferative disease. Further disease progression was observed in January 2019 after
CHOP therapy, in February 2019 after 5 cycles of romidepsin, and in July 2019 after treatment with
mogamulizumab. She died in August 2019.

Figure 5C shows a representative case of Group 3 (absolutely poor prognosis); the tumor showed
positive staining for GRP94 and also for at least 3 of the 6 other poor prognostic factors (n =5; median
OS, 10 months; p < 0.01). The patient was a 33-year-old woman who was diagnosed as having stage
ITA ALCL (low-intermediate IPI [IPIe], PIT-Group 1). After CHOP therapy and ESHAP therapy, she
became resistant to treatment, and died about only 2 months after the start of treatment.
Immunohistochemistry revealed positive tumor staining for GRP94, and also for 3 (PD-L1, TP, and
GRP78) of the 6 other poor prognostic factors (PD-L1, TP, AKR1C3, P53, PD1, GRP78). She initially
presented to us in February 2016 complaining of a left axillary mass. Biopsy of the mass revealed the
diagnosis of ALK-positive ALCL (the ALK translocation partner was not NPM, and remained
unknown). She showed disease progression in March 2016 after 2 cycles of CHOP therapy. In April
2016, after ESHAP therapy, she showed further disease progression and died.

Discussion

In general, immunohistochemistry performed with an optical microscope is considered as being
very useful to determine the results of staining while allowing the tumor cells to be visualized. In the
present study on TCL, immunohistochemistry was performed using the corresponding antibodies to
determine the expressions of 22 functional proteins [1-28] that were considered as being relevant,
based on a review of the literature, from the point of view of resistance to treatment. The 16 patients
with newly diagnosed TCL in the present study consisted of 7 patients with PTCL-NOS, 6 patients
with AITL, and 3 patients with ALCL. As shown in Figure 1B, the selected patients with ALCL had
a worse prognosis than previously reported. Herein, we propose a new classification, namely the HPI
(TLC-Urayasu Classification) for predicting the response to CHOP therapy in patients with newly
diagnosed TCL. As shown in Figures 4A to 4C, the patients could be divided into the following three
groups according to the results of IHC for the treatment resistance proteins: Group 1 (relatively good
prognosis): negative tumor staining for GRP94 (n = 6; median OS, 88 months; p <0.01) (representative
case: Case 1 in Figure 5A); Group 2 (poor prognosis): positive tumor staining for GRP94 and also for
one or two of the 6 other poor prognostic factors described in the text (n = 5; median OS, 25 months;
p > 0.02) (representative case: Case 2 in Figure 5B); Group 3 (absolutely poor prognosis): positive
tumor staining for GRP94 and also for at least 3 of the 6 other poor prognostic factors (n = 5; median
OS, 10 months; p < 0.01) (representative case: Case 3 in Figure 5C). As shown in Figures 4D to 4F,
patients with ALCL (n = 3) and PTCL-NOS (n = 2) fell under Group3 (absolutely poor prognosis).
Although the present study was limited to a small sample size, the TCL Urayasu Classification, which
is based on the mechanism of treatment resistance of the tumors, is expected to contribute to stratified
treatment, namely, selection of the appropriate treatment depending on the disease classification.

The results were compared with three conventional prognostic indicators (IPI, PIT, non-CR and
relapse within 1 year). Figures 1C and 1D show no significant differences in the IPI or PIT1 among
the patients. However, as shown in Figures 1E and 1F, 10 patients with non-CR or relapse within 1
year showed a significantly worse prognosis. As shown in Figure 2B, the 10 patients with non-CR or
relapse within 1 year were identical to the 10 patients who showed positive tumor staining for GRP94,
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and showed a significantly worse prognosis (median OS, 13.5 months; p < 0.01) (Figure 2A and 2B).
In other words, GRP94-positive patients are more likely to show non-CR or disease relapse within
one year after remission, and therefore more likely to have a poor prognosis. Multivariate analysis
identified GRP94 as a significant poor prognostic factor, with a predicted survival of patients showing
tumor GRP94 of 87.5-68.2x (1 or 0) months (1: GRP94-positive; 0: GRP94-negative). In our previous
report on the LBCL-Urayasu Classification for LBCL patients[29], we proposed a considerably
simplified formula, unlike the complicated formula that includes many factors: “Predicted survival
time (month) =5.77 _ GRP94 (0 or 1) + (24.85 _ [P53 or AKR1C3] [0 or 1]) + 86.39.” Thus, our findings
suggest that in patients with TCL, tumor expression of GRP94 and other factors play a central role in
the microenvironment, endowing tumors with the ability to adapt to adverse environmental
conditions, thereby resulting in a poor prognosis. In addition to the microenvironmental component
1 (GRP94), a tumor suppressor protein (P53) and AKR1C3, which is an enzyme that inactivates CHO
of CHOP, were also found to be important for the case of LBCL. Four additional microenvironmental
components (PD-L1, TP, PD1, and GRP78) were found to be important for the case of TLC (Figure 3).
On the other hand, for LBCL, not only the enzyme inactivating CHOP (CYP3A4), but also HO efflux
pumps (MDR1 and MRP1) were found to be important prognostic factors.

Figure 6 summarizes the relationship between the treatment resistance factors in the Urayasu
Classification for TCL and LBCL. Aggressive mature TCL (PTCL-NOS, AITL, and ALCL) tumors
have at least five types of tumor pro-survival components produced and released by the tumors
themselves. This indicates that TCL tumors have a better ability to adapt to the microenvironment
and survive than LBCL tumors, which produce only one factor (GRP94) to survive in the
microenvironment. On the contrary, according to previously reported results[29], LBCL tumors have
a variety of at least four types of tumor chemotherapy inactivators that are produced and released by
the tumors themselves. Therefore, as compared with TCL tumors, which produce only one type of
enzyme, namely, AKRIC, LBCL tumors are considered as having a better ability to detoxify
anticancer drugs through enzymatic degradation and promoting efflux pumping of the CHOP
anticancer drugs from the tumor. These findings suggest that TCL tumors have an excellent ability
to adapt to the microenvironment, and that LBCL tumors additionally have a superior ability to
detoxify anticancer drugs. Furthermore, since p53 is expressed in both TCLs and LBCLs, both tumors
are considered to develop mutations of TP53, a tumor suppressor gene. Furthermore, in both TCL
and LBCL, GRP9%, a pro-survival component, and AKR1C3, an inactivator of HO of CHOP
chemotherapy, were commonly expressed in the tumor microenvironment. These results suggest that
GRP94, AKR1C3, and P53, which are expressed in both TCL and LBCL, are important for the
development of resistance to treatment in mature aggressive lymphomas.

Representative cases of the three groups classified according to the HPI (TLC Urayasu
Classification) are presented. Case 1 shown in Figure 5A showed negative tumor expression for
GRP94 and therefore fell under Group 1 (relatively good prognosis group: n = 6; median OS, 88
months; p < 0.01). The diagnosis was stage IIIB PTCL-NOS (high-risk IPI) and survived for 114
months without relapse. She was classified at diagnosis as PIT-Group 1 with good prognosis, which
was inconsistent with the categorization of “high-risk IPI” at diagnosis. Case 2 shown in Figure 5B
showed positive tumor staining for two factors (AKR1C3 and GRP78) and therefore fell under Group
2 (poor prognosis: n = 5; median OS, 25 months; p > 0.05). The diagnosis was stage IVB AITL (high-
intermediate risk IPI, PIT-Group 3 as assessed at diagnosis). The patient died 25 months after the
diagnosis. The IPI and PIT were also consistent with a poor prognosis. Case 3 shown in Figure 5C
showed positive tumor staining for GRP94 and 3 other factors (PD-L1, TP, and GRP78), satisfying the
requirement of positivity for at least 3 of the 6 other poor prognostic factors described in the text, and
fell under Group 3 (absolutely poor prognosis) (n =5; median OS, 10 months; p <0.01). The diagnosis
was stage ITA ALCL (low-intermediate IPI [IPle], PIT-Group 1 at diagnosis). The patient died after
only about 2 months of survival. The IPI and PIT predicted a good prognosis in this case, but turned
out to be inaccurate predictors of the very poor prognosis.

In regard to the Urayasu Classification for TCL shown in Figure 6, the most significant factor,
namely, GRP94, and the 6 additional poor prognostic factors (PD-L1, TP, AKR1C3, P53, PD-1, and
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GRP78) are discussed below 1) to 6), along with a review of the literature, including their potential
clinical applications.

1) GRP9%4, GRP78, and TP: Molecules released into the extracellular space upon stress. They
allow tumors to overcome various stressful conditions in the tumor microenvironment, such as
hypoxia, hypoglycemia, dysregulation of homeostasis, altered cellular metabolism, and acidosis. As
shown in Figures 2A and 2B, GRP94 was identified as the most important factor as in the previous
study on LBCL. From the aspect of treatment, pimitespib, a GRP94 inhibitor, has been used in the
treatment of GISTs[31], and is also expected to be used for the treatment of AT[32]. GRP94 antibody
therapy for other cancers is also being investigated[33]. GRP78 is a know[n risk factor for high-risk
ALL in children[34]. In the future, therapy targeting GRP94 is expected to become available for TCL,
as shown in the study on LBCL[29], which could be expected to allow long-term complete remission
of the disease.

2) PD-1/PD-L1: A cell surface immune-checkpoint molecule, which is important for immune
checkpoint inhibitor therapy[10]. PD-1 inhibitory therapy in classical Hodgkin lymphomal35], the
importance of PD L1 in the diagnosis and treatment of B-cell malignant lymphoma[36] have been
reported. As shown in Figure 2C, PD-L1-positive patients (n = 4) showed a median OS of 5.5 months
(p <0.01), reflecting a poor prognosis. This suggests that cell surface expression of PD-L1 in DLBCL
allows the tumor to escape immune checkpoints[36].

3) TP: It has been reported as being a poor prognostic factor in breast cancer patients[37]. TCL
patients with positive tumor staining for TP also showed a poor prognosis, falling under Group 3 of
the TCL Urayasu Classification, and all of them (3 patients) had ALCL. The median OS of TP-positive
patients was 6 months (p < 0.01). TP inhibitors have been suggested as being useful in the treatment
of glioblastomas[38].

4) AKR1C3: AKR1C3 inhibitors enhance the efficacy of chemotherapy in AML and T-ALL[39].

5) P53: TP53 mutations identify high-risk events in patients with peripheral T-cell lymphomas
receiving CHOP-based chemotherapy[21]. Therefore, drugs tailored to specific types of p53
mutations are emerging, and p53-based immunotherapy approaches are being devised[40].

6) PD-1: The immune checkpoint receptor PD-1 is recurrently inactivated in TCL, and is therefore
said to be predictive of a poor prognosis[41]. PD1/PDL1 checkpoint inhibitors in tumor
immunotherapy have been developed as a promising combination therapy[42]. However, PD-1
signaling suppresses the growth of TCL[41]. Unlike IPI and TPI, HPI (TCL Urayasu Classification) is
specialized for tumor resistance factors. It is an innovative classification for predicting the sensitivity
to chemotherapy, even if the patient is very old and frail and has serious comorbidities. In addition,
the classification is easy to use, and the results can be obtained within a short period of time.

In summary, we propose a novel prognostic classification index, namely, the new HPI (TCL
Urayasu Classification) for predicting the prognosis in patients with TCL; the classification requires
immunohistochemistry for at least 6 proteins (PD-L1, AKR1C3, P53, PD-1, GRP78, and TP) in
addition to GRP94 at the time of immunohistopathological diagnosis of TCL. Serology for HTLV-1
and HIV antibodies is also recommended. In the future, we expect to obtain improved treatment
outcomes in patients with first-episode TCL by selecting the appropriate treatment for patients with
TCL according to the HPI, including use of the appropriate inhibitors and antibodies. We also
propose to accumulate more cases and analyze other hematologic tumors and compile the results.

Table 1. Characteristics of the patients enrolled in this analysis.

n=16
Age Mean (Range) 69.3(33-79)
Age >60years (%) 12 (75%)
Male (%) 9 (56%)

Histology
PTCL (NOS) 7 (44%)
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AITL 6 (38%)
ALCL 3 (19%)
Stage
Stage 1-2 6 (38%)
Stage 34 10 (63%)
IPI
1-2  Low risk 7 (44%)
3-4 Highrisk 9 (56%)
PIT
Group 1-2 Low risk 4 (25%)
Group 3-4 High risk 12 (75%)
CHOP outcomes
CR 8 (50%)
PD 8 (50%)
PD + relapse within 1 year 10 (63%)
Median OS (range) 38M (2-114)

Notes: Abbreviations: PTCL, peripheral T-cell lymphoma; NOS, not otherwise specified; AITL,
angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large T-cell lymphoma; IPI, International Prognostic
Index; PIT, Prognostic Index for PTCL-U; CR, complete remission; PD, progressive disease; OS, overall survival.

Table 3. Summary of the tumor immunohistochemical findings in the patients with TCL (n = 16).

Table 2
Media
n OS
Factors (#Significant (month Figur Referen
Category difference:) n s) p value e ce
1
Total TCL 6 34 1-A
*p <
Disease PTCL (NOS) (# 7 72 0.05 1-B
*p <
AITL (#) 6 34 0.05 1-B
*p <
ALCL (#) 3 6 0.05 1-B
Prognostic factor IPI High risk 7 17 p>0.05 1-C
PIT High risk 4 21 p>005 1-D
*p <
Result non-CR1 (PD) (#) 8 10 0.01 1-E
1 *p<
PD or within 1Y relapse (#) 0 14 0.01 1-F
1 *p<
ER stress proteins GRP94 (#) 0 14 0.01 2-B 4-6



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2024 d0i:10.20944/preprints202404.0739.v1

11

TGFp1 7 25 p>0.05 9,10
1
GRP78 0 14 p>0.05 7,8
TNFal 4 16 p>0.05 11
*p<
OH metabolic enzyme AKR1C3 (#) 6 10 0.01 2-D 12-16
AKR1B1 4 21 p>0.05
1
AKR1B10 0 21 p>0.05
*p <
C metabolic enzyme CYP2B6 (#) 4 14 0.05 2-F 19
CHOP metabolic enzyme  CYP3A4 0 17,18
OH efflux pump MDR1 1 24 p>0.05 20-22
MRP1 0 23,24
MTX efflux pump MRP4 0 25
Immune check point
molecules PD-1 5 52 p>0.06
*p<
PD-L1 (#) 4 6 0.01 2-C
PD-L2 1 53 p>0.05
*p <
Others TP (#) 3 6 0.01 2-E 28
p53 2 12 p>0.05
1
GST 3 25 p>0.05 27
MYC 3 6 p>0.05
1
ENT-1 6 34 p>0.05
1
Fibrosis (Silver stain positive) 4 39 p>0.05 29
Significant combination
*p <
non-CR1 plus GRP94+ (#) 8 10 0.01 2-A
PD relapse <1 year plus GRP94 1 **p<
@) 0 10 0.01 2-B
*p <
GRPY4+ plus PD-L1+ (#) 4 4 0.01 3-A
*p <
GRPY4+ plus TP+ (#) 3 5 0.01 3-B 23,24,26
**p <

GRP94+ plus AKR1C3+ (#) 6 10 0.01 3-C
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**p <
GRP94+ plus P53+ (#) 2 4 0.01 3-D
p <
GRP94+ plus PD-L1+ (#) 7 10 0.01 3-E
*p <
GRP94+ plus GRP78+ (#) 8 11 0.01 3-F
PD relapse <1 year plus *p <
AKR1C3+ (#) 6 10 0.01
PD relapse <1 year plus PD-L1+ **p<
(#) 4 5 0.01
*p <
IPI High-risk, GRP94+ (¥) 5 10 0.01
*p <
PIT High-risk, PD-L1+ (#) 4 8 0.01
**p <
TCL-Urayasu G1 (#) 6 88 0.01 4-A
TCL-Urayasu G2 5 25 p>0.05 4-B
*p <
TCL-Urayasu G3 (#) 5 10 0.01 4-C
*p <
TCL-Urayasu G3 PTCL (NOS) 2 10 0.05 4-D
**p <
TCL-Urayasu G3 AITL 0 0.01 4-E
TCL-Urayasu G3 ALCL 3 6 p<005 4-F

Notes: Abbreviations: TCL, T-cell lymphoma, TP, thymidine phosphatase, MDR1, multidrug resistance protein
1, MRP1, multidrug resistance-associated protein 1 AKR1C3, aldo-keto reductase family 1 member C3, OH,
oncovin + hydroxyl doxorubicin, MTX, methotrexate sodium.

Among a large number of proteins reported in the literature, we selected 22 proteins and 3
prognostic factors that are considered relevant for this type of study. We conducted a comprehensive
retrospective analysis of the expressions of these proteins by conducting immunohistochemical
analysis on tissue sections prepared from patients with TCL (PTCL-NOS, AITL, and ALCL) using
antibodies against the proteins. The proteins included: (1) four ER stress proteins, (2) five enzymes
that can metabolize anticancer drugs, (3) three anticancer drug efflux pumps, (4) three immune check
point molecules, and (5) six other proteins. Three existing prognostic factors were used as controls.
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Table 3. Summary of three representative cases shown in Figure 5 classified according to the
histological prognostic index (TCL Urayasu classification).
A P
Figu | Ca Dis | IP Main Treat | Outc
g I | TCL-Urayasu Additional 6 factors 0s
re5 | se ease | I factor ment | ome
e T
AN P |P mo
S GRP9 | PD | T GR
Figure 4A-F RiC |5 | D- nth
ex 4 -1 | P P78
3 3 |1 s
73 | PTC | Hi | G - - CHO
A 1 Group 1 -) ) ) ) |G CR1 | 114
F |L gh [1 ) ) Px6
Relatively
(NO Aliv
good
S) e
prognosis
65 | AIT G (- (- CHO | non-
B 2 HI Group 2 (+) -) (+) ) | & 25
F | L 3 ) ) Px3 CR
5
Poor Dea
regim
prognosis d
ens
(
4 | AL G (- CHO
C 3 LI Group 3 (C)] @ [+ |06 () | &) PD 2
F | CL 3 ) Px2
)
ESH
Very poor Dea
AP x
prognosis d
1

Notes: IPI, International prognostic index, PIT, Prognostic index for PTCL-U, TCL Urayasu, T-cell lymphoma
Urayasu classification, G1, Group 1, G2, Group 2, ESHAP, etoposide, methylprednisolone (solumedrol), high-
dose cytarabine (ara-C), and cisplatin (platinum).

Figure legends
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Figure 1. Overall survival of TCL patients with and without the prognostic factors —Comparison of
the Kaplan-Meier survival curves and disease/existing prognostic factors between 2 groups (log-rank
test)—+: positive; -: negative. A. TCL overall survival (OS) (n = 16) The median OS after initial
treatment with CHOP-like regimens was 33.5 months. B. ALCL, n = 3; AITL, n=6;, PTCL NOS, n=7;
p <0.05 The median OS values indicated a poor prognosis in the ALCL patients in this study: the OS
was about 8 months in the patients with ALCL, about 34 months in the patients with AITL, and about
72 months in the patients with PTCL-NOS. The prognosis of the patients with ALCL in this study was
worse than previously reported. C. A conventional poor prognostic factor IPT high positive, n =
7; negative, n =9; p > 0.05 No significant difference was observed in the IPI among the groups. D. No
significant differences were observed in the distribution of the conventional poor prognostic factors
in the high-risk PIT groups (Groups 2, 3 and 4: n = 4) as compared with the other groups (n=12). No
significant differences were observed in the PIT among the groups (p > 0.05). E. CR-positive and CR-
negative patients (n = 8 in both groups). Those who showed CR had a significantly better prognosis
(n=_8; median OS, about 72 months; p <0.01). Those who did not achieve CR had a significantly worse
prognosis (n = 8; median OS, about 10 months; p < 0.01). F. Non-CR plus relapse within 1 year-
positive, n = 10; negative, n = 6, p < 0.01. Patients with non-CR or relapse within 1 year had a
significantly worse prognosis (n = 10; median OS, 13.5 months; p < 0.01).
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Figure 2. Overall survival in TCL patients with and without the prognostic factors—Comparison of
the Kaplan-Meier survival curves and prognostic factors, positive/negative immunostaining between
Group 2 and Group 3 (log-rank test) — A and B show the results of comparisons among 3 groups, and
C to F show the results of comparison between 2 groups. A GRP94+, CR1+, n = 2; GRP94+, CR-, n
= 8, GRP9%4-, CR+, n = 6; P < 0.01. GRP94-positive patients showed a non-CR treatment response,
resulting in a poor prognosis, whereas GRP94-negative patients showed CR, resulting in a good
prognosis. B GRP94-positive patients with relapse (n = 10): Poor prognosis with the median OS of
13.5 months (p < 0.01). GRP94-negative patients without relapse (n = 6): Relatively good prognosis
with a median OS of 102 months (p <0.01). A total of 10 patients, consisting of 6 patients who showed
a non-CR treatment response after the initial therapy and 4 patients who developed relapse within 1
year, were identical to the 10 patients showing positive tumor staining for GRP94. GRP94-positive
patients showed a “non-CR” treatment response after the initial therapy or developed relapse within
1 year, resulting in a poor prognosis. In the tumor microenvironment, GRP94 expression is associated
with cell survival against hypoxia, hypoglycemia, dysregulation of homeostasis, thereby promoting
survival of the TCL cells and leading to a poor prognosis. In order to overcome various stressful
conditions, such as altered cellular metabolism and acidosis, TCL cells survive and lead to a poor
prognosis. C. PD-L1-positive patients (n =4, median OS, 5.5 months, p <0.01). PD-L1-negative patients
(n=12, median OS, 50 months, p <0.01). In the immune microenvironment, PD-L1 plays an important
role as a key component of the immune surveillance mechanism. PD-L1 positivity allows TCL cells to
proliferate by escaping the surveillance mechanism, which results in a poor prognosis. D. AKR1C3-
positive patients (n = 6, median OS, 10 months: p < 0.01). AKR1C3-negative patients (n = 10, median
OS, 62 months; p < 0.01). AKR1C3 expression in TCL cells decreases the intracellular metabolism of
HO of the CHOP regimen drugs, attenuating their cytotoxic activity against the TCL cells and making
the disease refractory, which results in a poor prognosis. E. TP-positive patients (n = 3, median OS, 6
months; p < 0.01). TP-negative patients (n = 13, median OS, 56 months; p < 0.01). TP expression is
mainly linked to antiapoptotic and angiogenic activities, leading to a poor prognosis. F. CYP2B6-
positive patients (n =4, median OS, 13.5 months; p < 0.05). CYP2B6-negative patients (n =12, median
OS, 46 months; p < 0.01). CYP2B6 expression is linked to an increased risk of development of PTCL,
as seen in ALL.
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Figure 3. Overall survival of TCL patients with and without the prognostic factors —Comparison of
the Kaplan-Meier survival curves and positive/negative immunostainings among 3 groups (log-rank
test)—A. Patients showing positive tumor staining for GRP94 and PD-L1 (n = 4; median OS, 8.5
months; p <0.01). Patients showing positive tumor staining for GRP94, but negative staining for PD-
L1 (n=6; median OS, 24.5 months; p < 0.01). Patients with tumors showing negative staining for both
GRP94 and PD-L1 (n = 6; median OS, 88 months; p < 0.01). Thus, expression of GRP94 on the tumor
cell surface is associated with a poor prognosis. This is because GRP94 allows tumors to overcome
various stressful conditions in the tumor microenvironment, such as hypoxia, hypoglycemia,
dysregulation of homeostasis, altered cell metabolism, and acidosis. Expression of PD-L1 on the cell
surface also leads to a poor prognosis. This is due to the activation of immune checkpoint escape
mechanisms. B. Patients showing positive tumor staining for GRP94 and TP (n = 3; median OS of 6
months; p <0.01). Patients showing positive tumor staining for GRP94, but negative staining for TP
(n =7; median OS of about 24 months; p < 0.01). Patients with tumors showing negative staining for
both GRP94 and TP (n = 6; median OS, about 88 months; p <0.01). TP expression is mainly linked to
antiapoptotic and angiogenic activities, and is associated with a poor prognosis. C. Patients showing
positive tumor staining for GRP94 and AKR1C3 (n = 6; median OS, about 10 months; p <0.01). Patients
showing positive tumor staining for GRP94, but negative staining for AKR1C3 (n = 4; median OS,
about 29.5 months; p < 0.01). Patients with tumors showing negative staining for both GRP94 and
AKR1C3 (n = 6; median OS, about 88 months; p < 0.01). AKR1C3 is an aldo-keto reductase, mainly
present in the cytoplasm. It catalyzes the reduction of carbonyl groups to alcohols, converting them
into a soluble form. It is an HO-metabolizing enzyme, which reduces the intracellular levels of
adriamycin (hydroxy doxorubicin; H-metabolizing enzyme) and oncovin (O-metabolizing enzyme;
vincristine). These activities lead to the development of resistance to CHOP therapy and a poor
prognosis. D. Patients showing positive tumor staining for P53 and GRP9%4 (n = 2; median OS, about
11.5 months; p <0.01). Patients with tumors showing negative staining for P53, but positive staining
for GRP%94 (n = 8; median OS, about 17 months; p < 0.01). Patients with tumors showing negative
staining for both P53 and GRP9%4 (n = 6; median OS, about 88 months; p < 0.01). P53 mutations are
often associated with increased expression levels of P53, and are associated with a poor prognosis. E.
Patients with tumors showing negative staining for PD-1, but positive staining for GRP9%4 (n = 7;
median OS, about 7 months; p<0.01). Patients showing positive tumor staining for PD-1 and GRP9%4
(n = 3; median OS, about 42 months; p < 0.01). Patients showing negative staining for PD-1, but
positive staining for GRP94 (n = 7; median OS, about 10 months; p < 0.01). Patients showing positive
tumor staining for PD-1, but negative staining for GRP94 (n = 2; median OS, about 96 months; p <
0.01). Patients showing negative staining for both PD-1 and GRP9% (n = 3; median OS, about 104
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months; p <0.01). PD-1 signaling suppresses the growth of TCL. F. Patients showing positive tumor
staining for GRP78 and GRP9%4 (n = 8; median OS, about 10 months; p < 0.01). Patients showing
positive tumor staining for GRP78, but negative staining for GRP%4 (n = 2; median OS, about 47
months; p <0.01). Patients showing negative tumor staining for both GRP78 and GRP9%4 (n =4; median
OS, about 83 months; p < 0.01). Patients with tumors showing negative staining for GRP78, but
positive staining for GRP94 (n = 2; median OS, about 96 months; p < 0.01). In regard to the non-
immune cell components in the tumor microenvironment, patients showing positive tumor staining
for both the ER stress proteins GRP78 and GRP94 show a poor prognosis.
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Figure 4. Overall survival of TCL patients with and without the prognostic factors (TCL Urayasu
classification) —Comparison of the Kaplan-Meier survival curves among 3 groups (log-rank test)— A.
TCL Urayasu Group 1 (positive; n = 6; median OS, 68 months; p <0.01). The median OS after the initial
treatment with the CHOP-like regimens shown in Figure 1A almost doubled from 33.5 months, which
is a relatively good prognosis for patients with TCL. For Group 2 and Group 3 (negative; n = 10;
median OS, 39.5 months; p <0.01), the median OS was about 40% of 33.5 months in the overall patient
population, indicating a relatively poor prognosis. B. TCL Urayasu Group 2 (positive; n = 5; median
OS, 25 months; p > 0.05) and other groups (negative; n = 11; median OS, 53 months; p > 0.05). There
was no significant difference in the OS between positive groups and the negative group (p > 0.05).
The median OS in the overall patient population was about 75% of 33.5 months, indicating a relatively
poor prognosis for Group 2. C. TCL Urayasu Group 3 (positive; n = 5; median OS, 10 months; p > 0.05)
and other groups (negative; n = 11; median OS, 53 months; p < 0.01). The median OS in the overall
patient population was about 30% of 33.5 months, indicating a poor prognosis for Group 3. In Group
1 and group 2 (negative; n = 11), the median OS was 53 months (p < 0.01), being about 1.6 times that
(33.5 months) of the medial OS in the overall patients. This indicates a relatively good prognosis. D.
TCL Urayasu Group 3 vs. PTCL-NOS (p < 0.01). Group 3 with PTCL-NOS (n = 2; median OS of about
10 months). Group 3 without PTCL-NOS (n = 3; median OS of about 8 months). Group 3 with either
disease type had a poor prognosis. Group 1 or 2, with PTCL-NOS (n = 5; median OS of about 104
months) had a good prognosis. Group 3, without PTCL-NOS (n = 6; median OS of about 33.5 months).
E. TCL Urayasu Group 3 vs. AITL (p < 0.01).Group 3 with AITL (n = 0).Group 3 without AITL (n =
5).The median OS was about 10 months in both groups.Group 1 or 2, with AITL (n = 6).The median
OS was about 33.5 months, which was the same as that for the OS in all patients. Patients with AITL
were classified into either Group 1 or 2, and their prognosis was intermediate.Group 1 or 2, without
AITL (n = 5).The median OS was about 104 months.F. TCL Urayasu Group 3 vs. ALCL (p <
0.05).Group 3 with ALCL (n = 3).The median OS was about 6 months. All patients with ALCL were
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classified intoGroup 3, and thus had a poor prognosis.Group 3 without ALCL (n = 2).These patients
had PTCL-NOS and had a median OS of about 10 months.Group 1 or 2, with ALCL (n = 0).Group 1
or 2, without ALCL (n =11).The median OS was about 53 months.
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Figure 5. Results of immunohistochemistry in 3 representative patients classified by the HPI (TCL
Urayasu Classification). Red indicates positive staining, and black indicates negative staining. CR1
means first complete remission. HE stands for hematoxylin-eosin staining. Figure 5A. Case 1: A 73-
year-old woman diagnosed with stage IIIB PTCL-NOS (high-risk IPI, PIT-Group 1). The diagnosis of
PTCL-NOS was made based on the presence of medium-to-large atypical cells that were detected by
HE staining and showed positive staining for CD3 Her PTCL showed a high KI-67 index and showed
negative staining for GRP94. She tested negative for any other tumor cells. Therefore, she was
classified into TCL Urayasu Classification Group 1 (relatively good prognosis). In fact, she has
remained in complete remission for a long period of time after 6 cycles of CHOP therapy, surviving
for 114 months without relapse. The absence of treatment resistance factors may account for her good
prognosis. Figure 5B. HPI (TCL Urayasu classification) Group 2 (the poor prognosis group). Case 2:
A 65-year-old woman diagnosed with stage IVB AITL (high-intermediate IPI, PIT-Group 3) that
showed positive immunohistochemical staining for CD7 and a highly positive Ki-67 index. She did
not achieve CR after CHOP therapy, developed resistance to CHOP treatment as well as to 5 types of
salvage treatment regimens, and died after surviving for 25 months after the diagnosis. Her tumor
showed positive staining for GRP94, AKR1C3, and AKR1C3. The failure to achieve CR could be
attributable to a reduced treatment effect due to metabolism of HO chemotherapeutic agents by
intracellular AKR1C3. In addition, GRP94 and GRP78 are both ER stress proteins expressed on the
cell surface that allow tumors to overcome various stressful conditions in the tumor
microenvironment, such as hypoxia, hypoglycemia, dysregulation of homeostasis, altered cell
metabolism, and acidosis, which results in resistance to various treatment regimens. Figure 5C. HPI
(TCL Urayasu classification) Group 3 (the very poor prognosis group)Case 3: A 33-year-old woman
diagnosed with stage IIA ALK-positive ALCL (low-intermediate IPI [IPle], PIT-Group 1). ALK
positivity is generally associated with a good prognosis. However, this patient developed resistance
to both CHOP and ESHAP regimens, and died after only about 2 months of treatment. The diagnosis
was ALCL. Her ALCL showed positive staining for GRP%4 (Figure 8) and 3 (PD-L1, TP, and GRP78,
shown in Figure 10, Figure 12, and Figure 20) of the other 6 poor prognostic factors (PD-L1, TP,
AKR1C3, P53, PD1, and GRP78). In the tumor microenvironment, expression of PD-L1 on the cell
surface blocks the immune checkpoint molecules, allowing the tumor to grow. TP is involved in
starvation resistance, angiogenesis, invasion, and metastasis. GRP78 allows the tumors to overcome
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various stressful conditions, such as hypoxia, hypoglycemia, dysregulation of homeostasis, altered
cell metabolism, and acidosis, which results in treatment resistance.

Figure 6
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Figure 6. Relationships between the prognostic factors in the TCL and LBCL Urayasu classifications.
The relationships between the 7 factors involved in treatment resistance in the TCL Urayasu
Classification and the 6 factors involved in treatment resistance in the LBCL Urayasu Classification
are summarized in the following set diagram. Of the 7 TCL factors, the 4 factors unique to the TCL
classification are the immune checkpoint molecules (PD-1 and PD-L1) serving as pro-survival
components in the microenvironment, and TP and GRP78, both of which are involved in
angiogenesis, invasion, and metastasis in order to overcome stressful conditions, such as hypoxia,
hypoglycemia, and starvation resistance. On the other hand, the other 3 factors, which are common
to both the TCL and LBCL classifications, are highly important, and consist of GRP94, AKR1C3 (an
enzyme that inactivates the activity of chemotherapeutic agents by metabolizing HO), and P53
(product of a tumor suppressor gene). On the other hand, the 3 factors unique to the LBCL Urayasu
classification are CYP3A4 (an enzyme that metabolizes and inactivates the activities of the CHOP
regimen), MDR1, and MRP1, with both the latter being HO efflux pumps.
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