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Abstract
Peripheral T-cell lymphoma (PTCL) is an aggressive and heterogenous T-cell lymphoid malignancy. The
prognostic value of C-reactive protein-to-albumin ratio (CAR) has never been assessed in PTCL. This
study retrospectively reviewed the medical records of 76 patients diagnosed with various subtypes of
PTCL. The value of 0.794 was identi�ed as the most discriminative point of CAR, and clinical outcomes,
including response rate, overall survival (OS), and progression-free survival (PFS), were compared
between the high (>0.794, n=25) and low (≤0.794, n=51) CAR groups. After induction therapy, complete
response was achieved in 39 patients (76.5%) and 8 patients (32.0%) in the low and high CAR groups,
respectively (p<0.001). During the median follow-up of 57.5 months, the high CAR group had signi�cantly
worse 5-year PFS (6.6% vs. 43.8%, p<0.0001) and 5-year OS (20.2% vs. 62.2%, p<0.0001) rates. With
adjustment for the International Prognostic Index (≥3), Prognostic Index for PTCL-unspeci�ed (≥3), and
T cell score (≥2), high CAR remained a signi�cant prognostic factor for PFS (hazard ratio [HR]: 4.01, 95%
con�dence interval [CI] 2.04–7.86, p<0.001) and OS (HR: 2.97, 95% CI: 1.33–6.64, p=0.008). CAR might
play a complementary role in predicting prognosis in patients with PTCL, considering its simplicity,
objectivity, and easy accessibility.

Introduction
Peripheral T-cell lymphomas (PTCLs) are a category of heterogeneous neoplasms that constitute 10–
15% of non-Hodgkin’s lymphomas[1]. Combination chemotherapy such as CHO(E)P (cyclophosphamide,
doxorubicin, vincristine, and prednisone [plus etoposide]) is generally required as an initial treatment, and
high-dose chemotherapy with autologous hematopoietic stem cell transplantation (HSCT) could be
offered for a selected population of patients[2]. Most patients with PTCL, not otherwise speci�ed (PTCL-
NOS) and angioimmunoblastic T-cell lymphoma (AITL) have been reported to present with advanced
stage disease at diagnosis, and their survival rate was limited to between 30–45%[3]. Importantly, the
prognosis of anaplastic large cell lymphoma (ALCL) is largely dependent on the presence of anaplastic
lymphoma kinase (ALK). In fact, one study found that the 5-year survival rate in ALK-negative ALCL
patients was 49%, which was signi�cantly worse than that among ALK-positive ALCL patients (70%)[4].
Although new strategies have been developed to improve the prognosis of PTCL, the majority of patients
with PTCL do not achieve favorable clinical outcomes despite aggressive treatment strategies.

Traditionally, the International Prognostic Index (IPI), which is based on information for age (>60 years),
stage (III or IV), increased serum lactate dehydrogenase (LDH) levels, Eastern Cooperative Oncology
Group (ECOG) performance status (>1), and the number of extranodal involvement (>1), has been used as
a prognostic marker for PTCL[5]. While many studies have demonstrated its usefulness in predicting
clinical outcomes, there have been some objections for its use in certain types of PTCL[6]. Other
prognostic tools, such as the Prognostic Index for PTCL-unspeci�ed (PIT), which is based on information
for age (>60 years), increased LDH, ECOG performance status (>1), bone marrow involvement, and the T
cell score developed by the International T cell Project Network that de�ned advanced stage III or IV, as
well as ECOG performance status (>1), serum albumin (<3.5 g/dl), and absolute neutrophil count (6.5 x
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109/l), have been proposed, but their uses are generally limited for PTCL-NOS[7, 8]. Therefore, there is still
a demand for an accurate and simple parameter for this heterogeneous group of aggressive diseases.

The C-reactive protein (CRP) to albumin ratio (CAR) has been investigated as a prognostic marker for
various malignancies and has proven clinical value[9]. The availability of CAR has also been
demonstrated in diffuse large B-cell lymphoma and extranodal natural killer T-cell lymphoma[10, 11].
Additionally, various blood-based biomarkers, such as platelets, serum globulin, ferritin, neutrophils, and
lymphocytes, have been veri�ed to facilitate prognostication[12, 13]. Importantly, these markers have
been shown to re�ect the tumor microenvironment and offer an easily accessible and objective index.
However, the values of these markers have not yet been assessed in PTCL. Therefore, in this study, we
evaluated the prognostic signi�cance of these biomarkers in patients with newly diagnosed PTCL.

Methods

Patient population
In this study, we reviewed the medical records of 76 patients who were diagnosed with PTCL, including
PTCL-NOS, AITL, and ALCL, that were either ALK positive or ALK negative. The diagnosis of all patients
was histologically con�rmed and they received combination chemotherapy as an induction treatment
between 2007 and 2019 at the National Cancer Center in Korea and at the National Health Insurance
Service Ilsan Hospital, Korea. Patients aged >18 years at diagnosis and who had available clinical and
laboratory data at baseline before the initiation of treatment were included. The exclusion criteria were
those with a lack of available medical records and those who did not receive chemotherapy. Medical
records were retrospectively reviewed. The responses to chemotherapy were strati�ed based on the
Lugano classi�cation, which includes complete response (CR), partial response (PR), stable disease (SD),
and progressive disease (PD)[14]. 

Ethics Statement
The study protocol was approved by the Institutional Review Board (IRB) (National Cancer Center 2020-
0110, National Health Insurance Service Ilsan Hospital 2020-04-020) and complied with the Declaration
of Helsinki. The requirement for informed consent was waived by the IRB, considering that no intervention
was involved due to the retrospective nature of this study.

Laboratory testing
The initial values of CRP and albumin were collected using laboratory data from the day closest to the
beginning of induction therapy. CAR was calculated as CRP divided by albumin. Other blood-based
values, such as hemoglobin, platelet, neutrophil count, lymphocyte count, serum globulin, beta-2
microglobulin, ferritin, and lactate dehydrogenase (LDH), were also obtained from the patient’s medical
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records. All laboratory data were obtained from the XE-2100 system (Sysmex, Kobe, Japan) at the
National Cancer Center, Korea and at the National Health Insurance Service Ilsan Hospital, Korea.

Statistical analysis
Overall survival (OS) was de�ned as the time from the start of induction therapy to death from any cause
or the last available follow-up date. Progression-free survival (PFS) was calculated from the �rst day of
therapy to the date of disease progression or death. To investigate an appropriate CAR cutoff value for
patients, the cutoff �nder method described by Budczies et al. was applied[15]. Using this method, the
optimal cutoff of CAR that split the results in the most signi�cant log-rank test from the survival analysis
was designated as 0.794. The same method was used to de�ne appropriate values for albumin-globulin
ratio (AGR), beta-2 microglobulin, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and ferritin.  

Based on the cutoff value of CAR, patients were classi�ed into high and low CAR groups, and their
baseline characteristics were compared. Continuous variables were analyzed using the two-sample t-test
or the Mann–Whitney U test, depending on the results of the normality test. Categorical values were
analyzed using the χ2 test or Fisher’s exact test, as appropriate. Survival analyses were performed using
the Kaplan–Meier method and log-rank test. Univariate and multivariate Cox proportional hazards models
were applied to evaluate prognostic values, and hazard ratios (HRs) and 95% con�dence intervals (CIs)
were obtained. Differences were considered signi�cant at a two-sided p value of <0.05. All statistical
analyses were performed using R software (version 3.5.1; R Foundation for Statistical Computing, Vienna,
Austria).

Results

Patient characteristics
In total, 76 patients with available data were included in this study. All patients were histologically
diagnosed with PTCL and received chemotherapy as induction therapy. Of these, 25 (32.9%) patients
were classi�ed into the high CAR group, while 51 (67.1%) patients were classi�ed into the low CAR group.
Baseline characteristics of both groups are presented in Table 1. The most common diagnosis was PTCL-
NOS (n=31, 40.8%), followed by AITL (n=24, 31.6%), ALK-negative ALCL (n=12, 15.8%), and ALK-positive
ALCL (n=9, 11.8%). The high CAR group showed a signi�cantly higher proportion of patients with
advanced stage, poor performance status, elevated LDH, and extranodal involvement (>1), which are all
components of the IPI. The percentage of patients with B-symptoms at diagnosis was also signi�cantly
higher in the high CAR group than in the low CAR group (72.0% vs. 29.4%, p<0.001). More than two-thirds
of the high CAR group initially had bone marrow involvement, while only approximately 20% of the low
CAR group presented with it. The distributions of IPI, PIT, and T cell scores revealed signi�cant differences
between the two groups, as all factors predicted favorable outcomes for the low CAR group. Importantly,
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the regimens of induction therapy and the number of patients for whom autologous HSCT was
performed were not signi�cantly different between the groups.
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Table 1
Baseline characteristics of patients with peripheral T cell lymphoma.

Variable   Total
(n=76)

Low CAR (n=51)   High CAR (n=25) p-
value

Diagnosis PTCL-NOS 31
(40.8%)

24 (47.1%)   7 (28.0%) 0.236

  AITL 24
(31.6%)

14 (27.5%)   10 (40.0%)  

  ALCL,
ALK-

12
(15.8%)

6 (11.8%)   6 (24.0%)  

  ALCL,
ALK+

9
(11.8%)

7 (13.7%)   2 (8.0%)  

Sex Male 52
(68.4%)

33 (64.7%)   19 (76.0%) 0.433

  Female 24
(31.6%)

18 (35.3%)   6 (24.0%)  

Age >60 34
(44.7%)

24 (47.1%)   10 (40.0%) 0.628

  ≤60 42
(55.3%)

27 (52.9%)   15 (60.0%)  

Stage 1–2 26
(34.2%)

23 (45.1%)   3 (12.0%) 0.005

  3–4 50
(65.8%)

28 (54.9%)   22 (88.0%)  

ECOG PS 0, 1 61
(80.3%)

47 (92.2%)   14 (56.0%) <0.001

  >1 15
(19.7%)

4 (7.8%)   11 (44.0%)  

B-Symptom Present 33
(43.4%)

15 (29.4%)   18 (72.0%) <0.001

  None 43
(56.6%)

36 (70.6%)   7 (28.0%)  

Data are presented as number (frequency). CAR, C-reactive protein-to-albumin ratio; PTCL-NOS,
peripheral T-cell lymphoma-not otherwise speci�ed; AITL, angioimmunoblastic T-cell lymphoma; ALCL,
anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase; ECOG PS, Eastern Cooperative
Oncology Group performance status; LDH, lactate dehydrogenase; EN, extranodal involvement; BM,
bone marrow; IPI, International Prognostic Index; PIT, prognostic index for PTCL-unspeci�ed; CHO(E)P,
cyclophosphamide, doxorubicin, vincristine, and prednisone (plus etoposide); ICED, ifosfamide,
carboplatin, etoposide, dexamethasone; IMEP, ifosfamide, methotrexate, etoposide, prednisone;
ESHAOx, etoposide, methylprednisolone, high-dose cytarabine, oxaliplatin; CR, complete response; PR,
partial response; SD, stable disease; PD, progressive disease; HSCT, hematopoietic stem cell
transplantation
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Variable   Total
(n=76)

Low CAR (n=51)   High CAR (n=25) p-
value

LDH Normal 35
(46.1%)

31 (60.8%)   4 (16.0%) <0.001

  Elevated 41
(53.9%)

20 (39.2%)   21 (84.0%)  

EN ≤1 49
(64.5%)

37 (72.5%)   12 (48.0%) 0.044

  >1 27
(35.5%)

14 (27.5%)   13 (52.0%)  

BM
involvement

Not
involved

49
(64.5%)

41 (80.4%)   8 (32.0%) <0.001

  Involved 27
(35.5%)

10 (19.6%)   17 (68.0%)  

IPI 0 10
(13.2%)

9 (17.6%)   1 (4.0%) <0.001

  1 14
(18.4%)

14 (27.5%)   0 (0.0%)  

  2 17
(22.4%)

13 (25.5%)   4 (16.0%)  

  3 20
(26.3%)

10 (19.6%)   10 (40.0%)  

  4 8
(10.5%)

2 (3.9%)   6 (24.0%)  

  5 7
(9.2%)

3 (5.9%)   4 (16.0%)  

PIT 0 14
(18.4%)

12 (23.5%)   2 (8.0%) <0.001

  1 27
(35.5%)

25 (49.0%)   2 (8.0%)  

  2 14
(18.4%)

7 (13.7%)   7 (28.0%)  

Data are presented as number (frequency). CAR, C-reactive protein-to-albumin ratio; PTCL-NOS,
peripheral T-cell lymphoma-not otherwise speci�ed; AITL, angioimmunoblastic T-cell lymphoma; ALCL,
anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase; ECOG PS, Eastern Cooperative
Oncology Group performance status; LDH, lactate dehydrogenase; EN, extranodal involvement; BM,
bone marrow; IPI, International Prognostic Index; PIT, prognostic index for PTCL-unspeci�ed; CHO(E)P,
cyclophosphamide, doxorubicin, vincristine, and prednisone (plus etoposide); ICED, ifosfamide,
carboplatin, etoposide, dexamethasone; IMEP, ifosfamide, methotrexate, etoposide, prednisone;
ESHAOx, etoposide, methylprednisolone, high-dose cytarabine, oxaliplatin; CR, complete response; PR,
partial response; SD, stable disease; PD, progressive disease; HSCT, hematopoietic stem cell
transplantation
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Variable   Total
(n=76)

Low CAR (n=51)   High CAR (n=25) p-
value

  3 14
(18.4%)

6 (11.8%)   8 (32.0%)  

  4 7
(9.2%)

1 (2.0%)   6 (24.0%)  

T cell score 0 19
(25.0%)

19 (37.3%)   0 (0.0%) <0.001

  1 30
(39.5%)

22 (43.1%)   8 (32.0%)  

  2 13
(17.1%)

6 (11.8%)   7 (28.0%)  

  3 13
(17.1%)

4 (7.8%)   9 (36.0%)  

  4 1
(1.3%)

0 (0.0%)   1 (4.0%)  

Induction CHO(E)P 46
(60.5%)

33 (64.7%)   13 (52.0%) 0.513

  ICED 19
(25.0%)

11 (21.6%)   8 (32.0%)  

  IMEP 9
(11.8%)

5 (9.8%)   4 (16.0%)  

  ESHAOx 2
(2.6%)

2 (3.9%)   0 (0.0%)  

Response CR 47
(61.8%)

39 (76.5%)   8 (32.0%) <0.001

  PR 7
(9.2%)

3 (5.9%)   4 (16.0%)  

  SD 2
(2.6%)

2 (3.9%)   0 (0.0%)  

  PD 17
(22.4%)

6 (11.8%)   11 (44.0%)  

Data are presented as number (frequency). CAR, C-reactive protein-to-albumin ratio; PTCL-NOS,
peripheral T-cell lymphoma-not otherwise speci�ed; AITL, angioimmunoblastic T-cell lymphoma; ALCL,
anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase; ECOG PS, Eastern Cooperative
Oncology Group performance status; LDH, lactate dehydrogenase; EN, extranodal involvement; BM,
bone marrow; IPI, International Prognostic Index; PIT, prognostic index for PTCL-unspeci�ed; CHO(E)P,
cyclophosphamide, doxorubicin, vincristine, and prednisone (plus etoposide); ICED, ifosfamide,
carboplatin, etoposide, dexamethasone; IMEP, ifosfamide, methotrexate, etoposide, prednisone;
ESHAOx, etoposide, methylprednisolone, high-dose cytarabine, oxaliplatin; CR, complete response; PR,
partial response; SD, stable disease; PD, progressive disease; HSCT, hematopoietic stem cell
transplantation
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Variable   Total
(n=76)

Low CAR (n=51)   High CAR (n=25) p-
value

  Not
evaluated

3
(3.9%)

1 (2.0%)   2 (8.0%)  

Autologous
HSCT

Not
performed

54
(71.1%)

34 (66.7%)   20 (80.0%) 0.288

  Performed 22
(28.9%)

17 (33.3%)   5 (20.0%)  

Data are presented as number (frequency). CAR, C-reactive protein-to-albumin ratio; PTCL-NOS,
peripheral T-cell lymphoma-not otherwise speci�ed; AITL, angioimmunoblastic T-cell lymphoma; ALCL,
anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase; ECOG PS, Eastern Cooperative
Oncology Group performance status; LDH, lactate dehydrogenase; EN, extranodal involvement; BM,
bone marrow; IPI, International Prognostic Index; PIT, prognostic index for PTCL-unspeci�ed; CHO(E)P,
cyclophosphamide, doxorubicin, vincristine, and prednisone (plus etoposide); ICED, ifosfamide,
carboplatin, etoposide, dexamethasone; IMEP, ifosfamide, methotrexate, etoposide, prednisone;
ESHAOx, etoposide, methylprednisolone, high-dose cytarabine, oxaliplatin; CR, complete response; PR,
partial response; SD, stable disease; PD, progressive disease; HSCT, hematopoietic stem cell
transplantation

Response and survival outcomes according to the
biomarkers
The responses after induction chemotherapy are presented in Table 1, which shows that the high CAR
group had a signi�cantly lower rate of CR than the low CAR group (32.0% vs. 76.5%, p<0.001). With a
median follow-up of 57.5 months, the high CAR group had signi�cantly lower 5-year PFS (6.6% vs. 43.8%,
p<0.0001) and OS (20.2% vs. 62.2%, p<0.0001) rates (Fig. 1). When we classi�ed patients into low and
high IPI groups (0–2 vs. 3–5), the high IPI group showed signi�cantly poorer 5-year PFS (11.3% vs. 52.2%,
p<0.0001) and OS (21.1% vs. 73.4%, p<0.0001) rates (Fig. 2). We also dichotomized patients with PIT (0–
2 vs. 3–4) and T cell score (0–1 vs. 2–4), and the results were statistically signi�cant for both PFS and
OS (Figs. 3 and 4). We applied the same method to designate the appropriate cutoff values for the other
biomarkers, including beta-2 microglobulin (3.73), NLR (2.479), AGR (1.338), PLR (74.9), and ferritin
(602.5). All results showed statistically signi�cant differences in survival outcomes, except for AGR for
PFS (Supplementary Figs. 1–5). During the follow-up period, 32 deaths occurred. Of these, 19 deaths
were related to disease progression, and eight deaths were due to infectious conditions. One patient died
of hemophagocytic lymphohistiocytosis, which occurred immediately after disease progression. Other
causes of death included acute myocardial infarction, aspiration, cerebral infarction, and hepatic failure.

Univariable and multivariable analyses of survival outcomes
according to CAR
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The results of the univariate analysis for PFS and OS demonstrated that most components of the IPI and
PIT were signi�cantly associated with survival outcomes. High CAR was also signi�cantly related to both
PFS (HR: 5.12, 95% CI 2.74–9.59, p<0.001) and OS (HR: 3.85, 95% CI 2.13–6.97, p<0.001) (Table 2). After
adjustment for components of the IPI, PIT, and T cell score, high CAR remained a signi�cant factor for
both PFS (HR: 2.83, 95% CI 1.34–5.95, p=0.006) and OS (HR 3.02, 95% CI 1.23–7.43, p=0.016) (Table 3).

 
Table 2

Univariable analyses of progression-free survival and overall survival in patients with peripheral T-cell
lymphoma

    Progression-free Survival Overall Survival

  HR (95% CI) p-value HR (95% CI) p-value

Age >60 years   1.79 (0.98–3.27) 0.057 2.82 (1.48–5.36) 0.002

Stage (III, IV)   3.91 (1.87–8.17) <0.001 3.74 (1.80–7.79) <0.001

LDH >UNL   2.29 (1.26–4.16) 0.007 2.98 (1.62–5.48) <0.001

ECOG PS >1   2.99 (1.54–5.82) 0.001 2.80 (1.44–5.44) 0.002

EN >1   2.52 (1.41–4.50) 0.002 2.95 (1.62–5.39) <0.001

B-Symptom (+)   2.12 (1.19–3.80) 0.011 2.29 (1.28–4.09) 0.005

BM involvement (+)   4.88 (2.65–9.00) <0.001 4.27 (2.32–7.87) <0.001

ANC>6500   1.98 (1.04–3.77) 0.037 1.29 (0.67–2.46) 0.438

CAR>0.794   5.12 (2.74–9.59) <0.001 3.85 (2.13–6.97) <0.001

HR, hazard ratio; CI, con�dence interval; LDH, lactate dehydrogenase; UNL, upper normal limit; ECOG
PS, Eastern Cooperative Oncology Group performance status; EN, extranodal involvement; BM, bone
marrow; ANC, absolute neutrophil count; CAR, C-reactive protein-to-albumin ratio

 

 



Page 11/20

Table 3
Multivariable analyses of progression-free survival and overall survival in patients with peripheral T-cell

lymphoma
    Progression-free Survival Overall Survival

  HR (95% CI) p-value HR (95% CI) p-value

Age >60 years   1.86 (0.87–3.98) 0.112 3.88 (1.22–12.33) 0.022

Stage (III, IV)   1.58 (0.65–3.85) 0.318 3.34 (0.88–12.59) 0.075

LDH >UNL   0.96 (0.43–2.14) 0.919 2.57 (0.92–7.16) 0.072

ECOG PS >1   1.26 (0.60–2.62) 0.540 1.51 (0.65–3.52) 0.339

EN >1   1.43 (0.72–2.85) 0.309 1.31 (0.57–3.00) 0.524

B-Symptom (+)   1.14 (0.54–2.40) 0.726 0.84 (0.32–2.17) 0.716

BM involvement (+)   2.62 (1.14–6.01) 0.023 1.02 (0.37–2.80) 0.969

ANC>6500   1.93 (0.84–4.44) 0.122 1.37 (0.39–4.83) 0.622

CAR>0.794   2.83 (1.34–5.95) 0.006 3.02 (1.23–7.43) 0.016

HR, hazard ratio; CI, con�dence interval; LDH, lactate dehydrogenase; UNL, upper normal limit; ECOG
PS, Eastern Cooperative Oncology Group performance status; EN, extranodal involvement; BM, bone
marrow; ANC, absolute neutrophil count; CAR, C-reactive protein-to-albumin ratio

To compare the statistical signi�cance of CAR directly to IPI, PIT, and T cell scores, we performed
multivariable Cox analyses separately. After adjusting for the IPI, high CAR was signi�cantly associated
with inferior PFS (HR: 3.79, 95% CI 1.94–7.39, p<0.001) and OS (HR: 2.85, 95% CI 1.32–6.16, p=0.008),
with a high IPI (HR: 3.23, 95% CI 1.68–6.22, p<0.001 for PFS; HR: 4.97, 95% CI 2.05–12.00, p<0.001 for
OS) (Table 4). After adjusting for the PIT, both high CAR and PIT presented with signi�cant PFS (HR: 4.20,
95% CI 2.14–8.23, p<0.001 for high CAR; HR: 3.42, 95% CI 1.79–6.56, p<0.001 for PIT≥2) and OS (HR:
3.14, 95% CI 1.41–6.99, p=0.005 for high CAR; HR: 3.54, 95% CI 1.60–7.82, p=0.002 for PIT≥2). In regard
to T cell score, high CAR remained a signi�cant factor for both PFS (HR: 4.01, 95% CI 2.04–7.86, p<0.001)
and OS (HR: 2.97, 95% CI 1.33–6.64, p=0.008). After adjusting for IPI, PIT, and T cell score, high CAR was
signi�cantly associated with PFS (HR: 3.69, 95% CI 1.87–7.26, p<0.001) and OS (HR: 2.33, 95% CI 1.07–
5.09, p=0.034).
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Table 4
Multivariable analyses of progression-free survival and overall survival according to IPI, PIT, T cell score,

and CAR
    Progression-free Survival Overall Survival

  HR (95% CI) p-value HR (95% CI) p-value

IPI≥3   3.23 (1.68–6.22) <0.001 4.97 (2.05–12.00) <0.001

CAR>0.794   3.79 (1.94–7.39) <0.001 2.85 (1.32–6.16) 0.008

PIT≥3   3.42 (1.79–6.56) <0.001 3.54 (1.60–7.82) 0.002

CAR>0.794   4.20 (2.14–8.23) <0.001 3.14 (1.41–6.99) 0.005

T cell score≥2   1.85 (0.98–3.49) 0.059 3.19 (1.43–7.11) 0.005

CAR>0.794   4.01 (2.04–7.86) <0.001 2.97 (1.33–6.64) 0.008

IPI≥3   2.18 (0.98–4.87) 0.056 3.27 (1.15–9.31) 0.027

PIT≥3   1.92 (0.86–4.29) 0.111 1.39 (0.57–3.39) 0.473

T cell score≥2   1.23 (0.64–2.36) 0.530 1.90 (0.82–4.38) 0.134

CAR>0.794   3.69 (1.87–7.26) <0.001 2.33 (1.07–5.09) 0.034

IPI, International Prognostic Index; PIT, prognostic index for PTCL-unspeci�ed; CAR, c-reactive protein-
to-albumin ratio; HR, hazard ratio; CI, con�dence interval

Discussion
In this study, we performed a retrospective analysis of blood-based biomarkers as prognostic factors in
patients with newly diagnosed PTCL. The results demonstrated that pretreatment CAR predicted the
clinical behavior of PTCL in terms of response to induction chemotherapy and survival outcomes. In
particular, we compared the statistical signi�cance of CAR to previously established prognostic indexes,
including the IPI, PIT, and T cell score, and high CAR was signi�cantly associated with poor PFS and OS
after adjusting for IPI, PIT, and T cell scores separately and together. Additionally, the prognostic
signi�cance of other biomarkers such as beta-2 microglobulin, NLR, AGR, PLR, and ferritin were assessed
and revealed clinically meaningful outcomes, as previously reported for other lymphomas[16–19].

Importantly, CRP is a well-known marker of infectious diseases. It is primarily synthesized in hepatocytes
and acts as an acute in�ammatory protein that increases up to 1,000-fold at sites of in�ammation[20].
Furthermore, a relationship between elevated CRP levels and the development of cancer has been
established. In fact, a previous study suggested that the association between CRP level and cancer risk
may be due to three possibilities. First, elevated CRP levels may cause cancer. Second, cancer increases
CRP levels. Third, in�ammation induces both increased CRP levels and the development of cancer[21]. In
terms of the tumor microenvironment, in�ammatory conditions have been shown to be associated with
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elevated CRP levels and cancer biology[22]. Although the causality between CRP and cancer has yet to be
further elucidated, it is indisputable that CRP might be a useful marker in malignancies.

Serum albumin is known as a nutritional marker, but its physiological role also includes an anti-
in�ammatory function[23]. Notably, hypoalbuminemia has been independently associated with
in�ammatory conditions represented by elevated CRP levels, believed to be driven from in�ammatory-
induced capillary leakage[24]. Low serum albumin levels might also be caused by the secretion of
in�ammatory cytokines, such as interleukin-6 and tumor necrosis factor-α, which are released by
cancer[25, 26]. On the basis of these mechanisms, albumin has been suggested as an independent
prognostic marker of malignancies[27, 28]. In summary, high levels of pretreatment CAR may re�ect
in�ammatory conditions and/or malnutritional status, which could be the result of cancer development or
be due to a high degree of comorbidity and frailty, which are directly associated with survival outcomes in
malignancies[29, 30].

Although high CAR was independent of previously known prognostic indexes, IPI and PIT were robust in
our analyses. The T cell score was also signi�cantly associated with OS in our patients. Taken together,
our results showed that these previously established markers were effective in predicting clinical
outcomes in PTCL and identifying CAR as another valuable marker considering its simplicity and
objectivity. We also evaluated other biomarkers including beta-2 microglobulin, NLR, AGR, PLR, and
ferritin. The analyses of these novel markers suggested that they could be used as simple and objective
biomarkers of CAR. Although we did not include other possible prognostic markers, such as the Epstein-
Barr virus and Ki-67 index due to the retrospective nature of our study, these markers have also been
suggested to predict clinical outcomes[31, 32]. Additionally, gene expression pro�les have been used in
patients with diffuse large B-cell lymphoma as a prognostic marker[33]. However, while the usefulness of
gene expression pro�les in the prognostication of PTCL has been suggested, their use is still limited to
de�ning prognosis[6]. Recently, brentuximab vedotin, an antibody-drug conjugate composed of an anti-
CD30 monoclonal antibody conjugated with a microtubule-disrupting drug, was approved as a �rst-line
treatment for CD30-positive PTCL[34]. Importantly, other drugs such as pralatrexate, belinostat, or
romidepsin, are available for the initial therapy of PTCL[1]. Therefore, the use of these indexes to predict
clinical outcomes precisely in the era of novel agents warrants further attention.

Our study has several limitations. First, we included a substantial number of cases because of the
relatively low incidence of PTCL. However, the number of cases was still limited to separate analyses for
each type of PTCL. Second, the induction regimens were also heterogeneous due to the retrospective
nature of the study and may be a possible confounding factor for survival outcomes, although this is
unlikely given that no signi�cant differences were detected in the selection of initial therapy. In addition,
we used our own cutoff values of biomarkers, which we could not validate in the independent cohort due
to the limited number of cases. Thus, appropriate cutoff values for each biomarker should be validated in
future studies. However, it is obvious that the blood-based biomarkers that we investigated have the
potential to be clinically meaningful prognostic indexes. Therefore, further investigations for cutoff
values are warranted for these biomarkers to maximize clinical availability.
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In conclusion, elevated CAR was associated with a worse response to treatment and poor survival
outcome in patients with PTCL. CAR might play a complementary role in predicting prognosis in patients
with PTCL, considering its simplicity, objectivity, and easy accessibility.
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Figures

Figure 1

Kaplan–Meier curves for progression-free survival and overall survival according to the C-reactive protein-
to-albumin ratio (CAR) at the diagnosis of peripheral T-cell lymphoma.
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Figure 2

Kaplan–Meier curves for progression-free survival and overall survival according to the International
Prognostic Index (IPI) at the diagnosis of peripheral T-cell lymphoma.
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Figure 3

Kaplan–Meier curves for progression-free survival and overall survival according to the Prognostic Index
for PTCL-unspeci�ed at the diagnosis of peripheral T-cell lymphoma.
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Figure 4

Kaplan–Meier curves for progression-free survival and overall survival according to the T cell score
developed by the International T cell Project Network at the diagnosis of peripheral T-cell lymphoma.
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