
Am J Cancer Res 2023;13(11):5733-5745
www.ajcr.us /ISSN:2156-6976/ajcr0152264

Original Article
Antihistamines H1 use on survival outcomes in  
esophageal squamous cell carcinoma patients  
undergoing concurrent chemoradiotherapy

Chia-Lun Chang1,2, Kuan-Chou Lin3,4, Wan-Ming Chen5,6, Ben-Chang Shia5,6, Szu-Yuan Wu5,6,7,8,9,10,11,12,13

1Department of Hemato-Oncology, Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan; 2Department of 
Internal Medicine, School of Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan; 3Division 
of Oral and Maxillofacial Surgery, Department of Dentistry, Wan Fang Hospital, Taipei Medical University, Taipei, 
Taiwan; 4School of Dentistry, College of Oral Medicine, Taipei Medical University, Taipei, Taiwan; 5Graduate 
Institute of Business Administration, College of Management, Fu Jen Catholic University, Taipei, Taiwan; 6Artificial 
Intelligence Development Center, Fu Jen Catholic University, Taipei, Taiwan; 7Department of Food Nutrition and 
Health Biotechnology, College of Medical and Health Science, Asia University, Taichung, Taiwan; 8Division of 
Radiation Oncology, Lo-Hsu Medical Foundation, Lotung Poh-Ai Hospital, Yilan, Taiwan; 9Big Data Center, Lo-Hsu 
Medical Foundation, Lotung Poh-Ai Hospital, Yilan, Taiwan; 10Department of Healthcare Administration, College 
of Medical and Health Science, Asia University, Taichung, Taiwan; 11Cancer Center, Lo-Hsu Medical Foundation, 
Lotung Poh-Ai Hospital, Yilan, Taiwan; 12Centers for Regional Anesthesia and Pain Medicine, Taipei Municipal Wan 
Fang Hospital, Taipei Medical University, Taipei, Taiwan; 13Department of Management, College of Management, 
Fo Guang University, Yilan, Taiwan

Received July 17, 2023; Accepted November 6, 2023; Epub November 15, 2023; Published November 30, 2023

Abstract: Esophageal squamous cell carcinoma (ESCC) is a leading cause of cancer-related mortality in Taiwan, 
with poor survival rates despite standard treatment with concurrent chemoradiotherapy (CCRT). Antihistamines 
H1 (AH1) may have anticancer effects by reducing allergic reactions, activating mitogen-activated protein kinases, 
and regulating the immune system. However, the impact of AH1 use during CCRT on survival outcomes in patients 
with ESCC remains uncertain. A propensity score-matched cohort study was conducted using data from the Taiwan 
Cancer Registry Database and National Health Insurance Research Database. The primary outcome measures were 
overall survival and ESCC-specific survival. We analyzed the effects of AH1 use during CCRT on these outcomes us-
ing multivariable Cox proportional hazards regression models. The current study involved 981 individuals diagnosed 
with ESCC who underwent standard CCRT. Out of these, 309 were placed in the non-AH1 group and 672 in the AH1 
group. AH1 use during CCRT was found to be associated with improved overall survival (adjusted hazard ratio [HR], 
0.52; 95% CI, 0.44-0.60; P<0.0001) and ESCC-specific survival (adjusted HR, 0.47; 95% CI, 0.39-0.56; P<0.0001) 
compared with nonuse. A dose-response relationship was also observed, with higher cumulative defined daily doses 
of AH1 associated with lower mortality. The optimal daily intensity dose for AH1 use was found to be 0.84 defined 
daily doses with the lowest mortality. Our study demonstrates that AH1 use during CCRT for ESCC is associated with 
improved overall survival and ESCC-specific survival. 
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Introduction

Esophageal cancer is a leading cause of can-
cer-related mortality in Taiwan, with over 95% 
of cases being diagnosed as esophageal squa-
mous cell carcinoma (ESCC) [1-3]. This differs 
from Western countries, where esophageal 
adenocarcinoma is more prevalent [4, 5]. In 

Taiwan, the standard treatment for esopha- 
geal cancer is concurrent chemoradiotherapy 
(CCRT), administered in accordance with Na- 
tional Comprehensive Cancer Network (NCCN) 
guidelines and regimens recommended by the 
INT 0123 (Radiation Therapy Oncology Group 
94-05) phase III trial [6, 7]. Despite this, the 
5-year overall survival rate for ESCC patients 
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receiving CCRT in Taiwan remains below 20% 
[8]. This poor survival rate highlights the need 
for additional treatment options that can 
enhance the anticancer effects of CCRT [1]. 
Therefore, identifying safe and well-tolerated 
agents that can improve outcomes for these 
patients is of paramount importance.

Antihistamines H1 (AH1) may have effects 
against cancer by reducing allergic reactions, 
activating mitogen-activated protein kinases, 
inhibiting the combination of autophagosomes 
and lysosomes, promoting anti-inflammation, 
and regulating the immune system [9-20]. 
Studies have shown that concurrent use of  
AH1 targeting histamine receptor H1 (HRH1) 
improves survival outcomes in patients with 
melanoma or lung cancer [9]. Similar trends 
have also been observed in patients with 
breast or colon cancer, but the data did not 
reach statistical significance due to a small 
sample size [9]. Additionally, AH1 has been 
found to enhance T cell activation, which can 
influence the response to immunotherapy [9]. 
Follow-up experiments in mice have revealed 
that the binding of histamine to HRH1 recep-
tors on the surface of tumor-associated macro-
phages suppresses T cell function, leading  
to tumor resistance to immunotherapy [9]. A 
large Swedish national observational cohort 
study found that AH1 use is associated with 
improved survival for various types of cancer 
such as gastric, colorectal, anal, pancreatic, 
lung, breast, prostate, kidney, and bladder can-
cer, melanoma, and Hodgkin lymphoma [21]. 
However, there have been no reports on the 
impact of AH1 use on survival during CCRT for 
ESCC patients.

Currently, there is a lack of research specifically 
examining the efficacy of AH1 use during CCRT 
in patients with ESCC. As a result, the potential 
impact of AH1 use on the survival of patients 
with ESCC receiving standard CCRT remains 
uncertain. To investigate this issue, we con-
ducted a head-to-head propensity score match-
ing (PSM) cohort study using a real-world data-
base. The aim of this study was to estimate the 
effects of AH1 use during the CCRT period on 
overall survival and ESCC-specific survival in 
patients with ESCC receiving standard CCRT. 
Additionally, we evaluated the impact of cumu-
lative doses, and daily intensities of AH1 use on 
the survival of ESCC patients receiving stan-
dard CCRT.

Patients and methods

Study cohort

This cohort study utilized patient data obtained 
from the Taiwan Cancer Registry Database 
(TCRD) linked with the National Health In- 
surance Research Database (NHIRD) to gath- 
er information on individuals diagnosed with 
ESCC between January 1, 2012 and December 
31, 2018. The study began at the index date, 
which is the date standard CCRT treatment  
for ESCC began, and the follow-up period 
extended until December 31, 2020. The TCRD, 
maintained by the Collaboration Center of 
Health Information Application, contains de- 
tailed information on cancer patients including 
clinical stage, treatment methods, chemother-
apy regimens, pathology, radiation treatment 
and protocols [1]. The study’s protocols were 
reviewed and approved by the Institutional 
Review Board of Tzu-Chi Medical Foundation 
(IRB109-015-B).

Inclusion and exclusion criteria

To be eligible for the study, patients had to 
meet certain criteria. They had to be 18 years 
or older, have a diagnosis of ESCC, be in clini- 
cal stage I-IVA without distant metastasis as 
per the American Joint Committee on Cancer 
(AJCC) 8th edition, and have an Eastern 
Cooperative Oncology Group performance sta-
tus of 0 or 1. Patients who had a previous his-
tory of cancer, distant metastasis, missing sex 
data, age under 18, unclear staging, unknown 
cigarette smoking or alcohol use, or non-squa-
mous cell carcinoma histology were excluded. 
Furthermore, patients who had undergone 
esophagostomy followed by CCRT were also 
excluded to ensure that the results related to 
the survival effects of AH1 use for ESCC after 
standard CCRT were not influenced.

The standard CCRT in our study for ESCC is a 
combination of platinum-based chemotherapy, 
such as cisplatin or carboplatin, and intensity-
modulated radiation therapy with a total dose 
of 5040 cGy in 28 fractions [7]. The Charlson 
comorbidity index (CCI) [22-24] was used to 
evaluate the presence of comorbidities within  
6 months prior to the index date and were 
recorded and classified using codes from the 
International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM) or 
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International Classification of Diseases, Tenth 
Revision, Clinical Modification (ICD-10-CM) 
from the first inpatient visit or after more than 
two outpatient visits.

AH1 use after ESCC receiving CCRT

AH1 prescription was determined using a previ-
ously reported protocol [12], and included any 
AH1 taken for asthma, allergic rhinitis, medica-
tion allergies, environmental allergies, or viral 
infection symptoms. AH1 is covered by Taiwan’s 
National Health Insurance. We gathered infor-
mation on the type of drug, dosage, method of 
administration, prescription date, and total 
number of pills dispensed by the pharmacy. As 
patients may have taken AH1 at different times 
during the study period and may have had vary-
ing drug use patterns, we treated AH use as a 
time-varying factor in our Cox model. The cumu-
lative dose was calculated by multiplying the 
number of pills dispensed by the prescribed 
dose and then dividing by the number of days 
for which the medication was prescribed. In 
this paper, AH dosage is presented in defined 
daily doses (DDDs), as defined by the World 
Health Organization, which is the average main-
tenance dose per day for a drug used for its 
main indication in adults. 

In this study, patients who received definitive 
chemoradiotherapy for ESCC and took a mini-
mum of 28 cumulative defined daily doses 
(cDDDs) of AH1 were classified as AH1 users, 
while those who did not take any AH1 during 
the follow-up period were considered non-
users. The use of AH1 was allowed in the case 
group before the index date, but not in the con-
trol group. After the completion of chemoradio-
therapy, the AH1 user group was permitted to 
continue using AH1, and we analyzed the asso-
ciation between cDDD and the hazard ratio of 
mortality. To evaluate the dose-response 
effects of AH1 use on oncologic outcomes in 
ESCC patients receiving chemoradiotherapy, 
we also divided the patients into subgroups 
based on different cDDD of AH1 use. The case 
and control groups underwent the same proto-
col of CCRT. All analyses were adjusted for 
covariates, as listed in Table 1.

Furthermore, we evaluated the daily intensity of 
AH1 use by dividing the average dose of AH1 by 
the total days of the prescription. We deter-
mined the association between hazard ratios 

of all-cause mortality, ESCC-specific mortality, 
and the daily intensity of AH1 (DDDs) to identify 
the ideal daily intensity of AH1 use for reducing 
mortality in ESCC patients receiving definitive 
CCRT.

Propensity score matching

To consider any potential confounding factors 
when comparing the survival outcomes be- 
tween the AH1 user and non-user groups, all 
patients were matched using PSM based on 
variables including age, sex, AJCC clinical stage, 
income level, urbanization, cigarette smoking 
habits, alcohol consumption habits, and CCI 
scores (as listed in Table 1). The AH1 user and 
non-user groups were matched in a 1:1 ratio 
using the greedy matching method with a cali-
per of 0.2 [25]. Continuous variables are pre-
sented as means ± standard deviations where 
appropriate.

Outcome measures

The primary focus of the study was to compare 
the all-cause mortality rate among ESCC 
patients who did and did not use AH1 during 
standard definitive chemoradiotherapy. The 
secondary outcome was to compare the rate of 
ESCC-specific mortality.

Statistical analysis

We studied the correlation between AH1 use 
during standard definitive CCRT and survival 
outcomes in patients with ESCC. To account  
for differences in baseline characteristics 
between AH1 and non-AH1 users, we used 
time-varying Cox regression models, taking into 
account factors such as age, sex, AJCC clinical 
stage, income level, urbanization, cigarette 
smoking habits, alcohol consumption habits, 
and CCI scores. We employed a time-depen-
dent Cox hazard model to compare mortality 
rates between those who did and did not 
receive AH1, while controlling for these con-
founding factors. Data on AH1 prescriptions 
were collected every 3 months to determine a 
user’s status, and was considered as a time-
dependent variable. Person-times of users 
before their first prescription and during the 
3-month period without AH1 prescription were 
classified as unexposed follow-up times to 
avoid bias. Additionally, we estimated the risk 
of mortality by individual AH1. Mortality rates 
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Table 1. Comparison of characteristics between patients with and without AH1 use following standard definitive CCRT for ESCC
Before PSM After PSM

AH1 nonusers AH1 users
P-value

AH1 nonusers AH1 users
P-valueN=309 N=672 N=309 N=309

N % N % N % N %
Age (mean ± SD), years-old 57.10 ± 11.57 61.48 ± 13.26 <0.0001 57.10 ± 11.57 57.35 ± 12.15 0.7967
Age, median (IQR, Q1, Q3) 55.00 (49.00, 64.00) 60.00 (51.00, 72.00) <0.0001 55.00 (49.00, 64.00) 57.00 (48.00, 65.00) 0.6047
Age group, years <0.0001 0.9590 0.7854
    ≤50 93 30.10% 153 22.77% 93 30.10% 98 31.72%
    51-60 111 35.92% 198 29.46% 111 35.92% 105 33.98%
    61-70 61 19.74% 137 20.39% 61 19.74% 62 20.06%
    ≥70 44 14.24% 184 27.38% 44 14.24% 44 14.24%
Sex 0.0094 0.3266
    Female 23 7.44% 88 13.10% 23 7.44% 17 5.50%
    Male 286 92.56% 584 86.90% 286 92.56% 292 94.50%
Income levels 0.3600 0.8107
    Low income 5 1.62% 10 1.49% 5 1.62% 6 1.94%
    Financially dependent 60 19.42% 170 25.30% 124 40.13% 111 35.92%
    ≤20,000 124 40.13% 257 38.24% 79 25.57% 85 27.51%
    20,001-30,000 79 25.57% 166 24.70% 34 11.00% 38 12.30%
    30,001-45,000 34 11.00% 54 8.04% 7 2.27% 4 1.29%
    >45,000 7 2.27% 15 2.23% 60 19.42% 65 21.04%
Urbanization 0.3293 0.3911
    Rural 96 31.07% 230 34.23% 96 31.07% 106 34.30%
    Urban 213 68.93% 442 65.77% 213 68.93% 203 65.70%
AJCC clinical stage 0.0237 0.9548
    I 12 3.88% 54 8.04% 12 3.88% 14 4.53%
    II 25 8.09% 69 10.27% 25 8.09% 29 9.39%
    IIIA 90 29.13% 168 25.00% 90 29.13% 84 27.18%
    IIIB 134 43.37% 252 37.50% 134 43.37% 135 43.69%
    IVA 48 15.53% 129 19.20% 48 15.53% 47 15.21%
Current Cigarette Smoking 41 13.27% 200 29.76% <0.0001 41 13.27% 42 13.59% 0.9061
Current Alcohol consumption 57 18.45% 148 22.02% 0.2005 57 18.45% 55 17.80% 0.8346
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CCI Scores
    Mean (SD) 2.87 ± 3.09 2.47 ± 3.01 0.0551 2.87 ± 3.09 2.45 ± 2.92 0.0779
    Median (IQR, Q1-Q3) 2.00 (0.00, 6.00) 1.00 (0.00, 4.50) 0.1409 2.00 (0.00, 6.00) 1.00 (0.00, 6.00) 0.1380
CCI Scores 0.5935 0.3703
    0 125 40.45% 284 42.26% 125 40.45% 136 44.01%
    ≥1 184 59.55% 388 57.74% 184 59.55% 173 55.99%
CCI scores
    Congestive Heart Failure 10 3.2% 37 5.5% 0.1221 10 3.2% 13 4.2% 0.5238
    Dementia 4 1.3% 17 2.5% 0.2144 4 1.3% 6 1.9% 0.5237
    Chronic Pulmonary Disease 45 14.6% 149 22.2% 0.0054 45 14.6% 42 13.6% 0.7286
    Rheumatic Disease 0 0.0% 1 0.2% 0.4975 0 0.0% 0 0.0% 0.9999
    Liver Disease 72 23.3% 168 25.0% 0.5653 72 23.3% 82 26.5% 0.3524
    Diabetes with complications 9 2.9% 28 4.2% 0.3382 9 2.9% 7 2.3% 0.6124
    Hemiplegia and Paraplegia 0 0.0% 0 0.0% 0.9999 0 0.0% 0 0.0% 0.9999
    Renal Disease 4 1.3% 38 5.7% 0.0017 4 1.3% 4 1.3% 0.9999
    Acquired Immunodeficiency Syndrome 0 0.0% 0 0.0% 0.9999 0 0.0% 0 0.0% 0.9999
cDDD of AH1
    Non use 309 100.0% 0 0.0% 309 100.0% 0 0.0%
    0-one third 0 0.0% 223 33.2% 0 0.0% 109 35.3%
    One third-two third 0 0.0% 221 32.9% 0 0.0% 100 32.4%
    > two thirds 0 0.0% 228 33.9% 0 0.0% 100 32.4%
Oncologic Outcomes
    All-Cause Death 266 86.08% 495 73.66% <0.0001 266 86.08% 230 74.43% 0.0003
    ESCC death 241 77.99% 373 55.51% <0.0001 241 77.99% 180 58.25% <0.0001
Abbreviations: ESCC, Esophageal squamous cell carcinoma; CCRT, Concurrent chemoradiotherapy; AJCC, American Joint Committee on Cancer; PSM, Propensity score matching; 
CCI, Charlson comorbidity index; cDDDs, cumulative defined daily doses; DDD, defined daily doses; SD, standard deviation; IQR, interquartile range; AH1, antihistamine H1.
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were estimated using the Kaplan-Meier meth-
od, and differences between AH1 users and 
non-users were determined using the stratified 
log-rank test to compare mortality curves. 
Mortality rates were also estimated using  
the Kaplan-Meier method, and differences 
between AH1 users at different dosage of 
cDDD and non-users were determined using 
the stratified log-rank test. We also estimated 
the cDDD, DDD, and hazard ratio of ESCC-
specific mortality in patients with and without 
AH1 use following standard definitive CCRT. All 
statistical analyses were conducted using SAS 
version 9.4.

Results

The current study involved 981 individuals  
diagnosed with ESCC who underwent standard 
CCRT. Out of these, 309 were placed in the 
non-AH1 group and 672 in the AH1 group. 
According to Table 1, the AH1 group had a  
higher proportion of older individuals, more 
females, more advanced stage IVA disease, 
more smokers, and more patients with chronic 
pulmonary and renal diseases, when compar- 
ed to the non-AH1 group. After adjusting for 
potential confounding factors using propensity 
score matching, 618 patients were included in 
the final analysis, with equal numbers in each 
group. The median follow-up period was 2.92 
years. The all-cause mortality rate was higher 
in the non-AH1 group (86.08%) compared to 
the AH1 group (74.43%) (P=0.0003). Similarly, 
the ESCC-specific mortality rate was also high-
er in the non-AH1 group (77.99%) compared to 
the AH1 group (58.25%) (P<0.0001) (Table 1).

The use of AH1 after beginning standard CCRT 
was found to have a significant impact on all-
cause mortality in patients with ESCC. An anal-
ysis of the data revealed that the adjusted haz-
ard ratio (aHR) for all-cause mortality in the 
group of patients who used AH1 was 0.52 (with 
a 95% confidence interval [CI] of 0.44-0.60) 
when compared to the group of patients who 
did not use AH1 (Table 2). Furthermore, several 
other factors were also identified as indepen-
dent poor prognostic factors for all-cause mor-
tality, including age above 70, advanced AJCC 
stage (IIIA, IIIB, IVA), and a CCI score of 1 or 
higher. The aHR of all-cause mortality for these 
factors were 1.43, 2.53, 2.78, 3.57 and 1.53 
respectively.

The use of AH1 following initiation of CCRT was 
found to have a significant and independent 
impact on ESCC-specific mortality among 
patients with ESCC receiving standard CCRT. 
An analysis of aHR revealed that the use of  
AH1 was associated with a 0.47 (95% CI:  
0.39-0.56, P<0.0001) reduction in ESCC-
specific mortality in comparison to non-users  
of AH1 (Table 3). Additionally, advanced age 
(greater than 70 years), stages IIIA, IIIB, IVA, 
and CCI score greater than or equal to 1 were 
identified as independent poor prognostic fac-
tors for ESCC-specific mortality. Specifically, 
the aHR for ESCC-specific mortality was 1.30 
(95% CI: 1.01-1.69), 3.01 (95% CI: 1.68-5.41), 
3.46 (95% CI: 1.99-6.01), 4.18 (95% CI: 2.39-
7.32), and 1.50 (95% CI: 1.25-1.79) for indi- 
viduals over 70 years of age, stages IIIA, IIIB, 
IVA, and CCI score greater than or equal to 1, 
respectively, in comparison to individuals 
between 18-50 years of age, stage I and CCI 
score of 0.

The present study investigated the correlation 
between the cDDD of AH1 use and the HRs of 
all-cause mortality and ESCC-specific mortality 
in patients receiving standard CCRT for ESCC 
(Table 4). The study population was divided  
into four groups based on cDDD of AH1 use: 0, 
1-one third, one third-two third, and greater 
than two thirds cDDDs. Time-varying Cox multi-
variate analysis was performed to evaluate the 
HRs of all-cause mortality and ESCC-specific 
mortality. The results indicated that the HRs of 
all-cause mortality for 1-one third, one third-
two third, and greater than two thirds cDDDs  
of AH1 use were 0.75 (0.62-0.92), 0.45 (0.37-
0.55), and 0.38 (0.30-0.47) respectively, com-
pared to the 0 cDDD group. The trend was sta-
tistically significant (P<0.0001) with a dose-
response relationship for the reduction of all-
cause mortality. In addition, the HRs of ESCC-
specific mortality for 1-one third, one third-two 
third, and greater than two thirds cDDDs of  
AH1 use were 0.72 (0.58-0.89), 0.40 (0.32-
0.50), and 0.31 (0.24-0.40) respectively, com-
pared to the 0 cDDD group. The trend was also 
statistically significant (P<0.0001) with a dose-
response relationship for the reduction of 
ESCC-specific mortality.

The 2-year overall survival rates for patients in 
the group receiving AH1 and those in the group 
not receiving AH1 were found to be significantly 
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different, with rates of 46.26% and 19.84%, 
respectively (P<0.0001; Figure 1A). Similarly, 
the 2-year ESCC-specific survival rates for 
patients in the group receiving AH1 and those 
in the group not receiving AH1 were found to  
be significantly different, with rates of 51.14% 
and 21.74%, respectively (P<0.0001; Figure 
1B). These findings suggest that the use of  
AH1 after the initiation of CCRT for ESCC 
patients may be associated with an improve-
ment in overall survival and ESCC-specific sur-
vival. The Kaplan-Meier Curves of overall sur-
vival and ESCC-specific survival in patients  
with different cumulative defined daily doses  
of AH1 following standard definitive CCRT also 
demonstrated a dose-response relationship 
(P<0.0001; Figure 2). It was further observed 
that the cDDD, and hazard ratio of ESCC-
specific mortality were inversely proportional to 
the cDDD (Supplementary Figure 1). Addition- 

ally, the optimal daily intensity of AH use was 
found to be 0.84 DDD, with the lowest HR of 
ESCC-specific mortality (Supplementary Figure 
2).

Discussion

The utilization of AH1 in various types of cancer 
has been demonstrated to enhance survival 
outcomes via various mechanisms, including 
reduction of allergic reactions, activation of 
mitogen-activated protein kinases, inhibition of 
autophagosomes and lysosomes formation, 
promotion of anti-inflammatory responses and 
regulation of the immune system. These mech-
anisms have been supported by a plethora of 
preclinical and clinical studies providing a 
strong rationale for the use of AH1 in cancer 
treatment [9-20]. Despite their safety as tradi-
tional medications, further research is needed 

Table 2. Cox proportional hazards regression model of all-cause mortality in PSM patients with and 
without AH1 use following standard definitive CCRT for esophageal squamous cell carcinoma

All-Cause Death
Crude HR (95% CI) P-value aHR* (95% CI) P-value

AH1 (ref. no AH1 use)
    AH1 use 0.53 (0.46, 0.62) <0.0001 0.52 (0.44, 0.60) <0.0001
Age group, years-old (ref. 18-50)
    51-60 1.06 (0.87, 1.28) 0.5584 1.03 (0.84, 1.25) 0.7803
    61-70 1.08 (0.69, 1.17) 0.1834 1.09 (0.71, 1.14) 0.3832
    >70 1.30 (1.07, 1.60) 0.0101 1.43 (1.13, 1.81) 0.0025
Sex (ref. Female)
    Male 1.32 (0.72, 2.43) 0.3720 1.01 (0.52, 1.93) 0.9892
Income levels (ref. Low income)
    Financially dependent 0.86 (0.27, 2.81) 0.8076 0.60 (0.17, 2.08) 0.4222
    ≤20,000 0.97 (0.3, 3.09) 0.9594 0.52 (0.16, 1.69) 0.2745
    20,001-30,000 0.91 (0.28, 2.91) 0.8700 0.63 (0.19, 2.07) 0.4470
    30,001-45,000 0.89 (0.27, 2.97) 0.8481 0.51 (0.15, 1.78) 0.2935
    >45,000 0.86 (0.19, 3.83) 0.8373 0.49 (0.11, 2.27) 0.3601
Urbanization (ref. rural)
    Urban 1.14 (0.83, 1.56) 0.4089 1.15 (0.82, 1.6) 0.4264
AJCC clinical stage (ref. Stage I)
    II 1.42 (0.87, 2.3) 0.1571 1.43 (0.88, 2.31) 0.1486
    IIIA 2.43 (1.57, 3.74) <0.0001 2.53 (1.64, 3.90) <0.0001
    IIIB 2.69 (1.70, 4.24) <0.0001 2.78 (1.76, 4.39) <0.0001
    IVA 3.48 (2.24, 5.4) <0.0001 3.57 (2.30, 5.53) <0.0001
Current Cigarette Smoking (ref. never smoking) 1.08 (0.9, 1.3) 0.4251 1.05 (0.87, 1.26) 0.6353
Current Alcohol consumption (ref. never alcohol consumption) 1.18 (0.78, 1.31) 0.2857 1.17 (0.66, 1.21) 0.2916
CCI scores (ref. CCI=0)
    CCI≥1 1.77 (1.52, 2.05) <0.0001 1.53 (1.30, 1.80) <0.0001
Abbreviations: ESCC, Esophageal squamous cell carcinoma; CCRT, Concurrent chemoradiotherapy; PSM, Propensity score matching; CI, Con-
fidence interval; aHR, Adjusted hazard ratio; HR, hazard ratio; CCI, Charlson comorbidity index; cDDDs, cumulative defined daily doses; DDD, 
defined daily doses; ref., reference group; AH1, antihistamine H1. *All covariates presented in this table were adjusted.
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to determine if AHs can increase overall surviv-
al and ESCC-specific survival in ESCC patients. 

Our results provide the first evidence that AH1 
use during CCRT for ESCC patients can reduce 

Table 3. Cox proportional hazards regression model of esophageal squamous cell carcinoma-specific 
mortality in PSM patients with and without AH1 use following standard definitive CCRT

All-Cause Death
Crude HR (95% CI) P-value aHR* (95% CI) P-value

AH1 (ref. no AH1 use)
    AH1 use 0.46 (0.39, 0.55) <0.0001 0.47 (0.39, 0.56) <0.0001
Age group, years-old (ref. 18-50)
    51-60 0.99 (0.8, 1.22) 0.9260 0.97 (0.78, 1.2) 0.7432
    61-70 0.84 (0.66, 1.07) 0.1545 0.92 (0.71, 1.19) 0.5186
    >70 1.08 (0.86, 1.35) 0.5214 1.30 (1.01, 1.69) 0.0476
Sex (ref. Female)
    Male 1.15 (0.91, 1.65) 0.1843 1.08 (0.76, 1.63) 0.3096
Income levels (ref. Low income)
    Financially dependent 0.70 (0.37, 1.32) 0.2664 0.76 (0.39, 1.47) 0.4157
    ≤20,000 0.78 (0.41, 1.46) 0.4290 0.83 (0.44, 1.57) 0.5666
    20,001-30,000 0.73 (0.38, 1.38) 0.3276 0.79 (0.41, 1.51) 0.4751
    30,001-45,000 0.64 (0.32, 1.26) 0.1985 0.67 (0.33, 1.32) 0.2440
    >45,000 0.48 (0.2, 1.12) 0.0907 0.51 (0.21, 1.2) 0.1229
Urbanization (ref. rural)
    Urban 1.00 (0.84, 1.18) 0.9890 0.99 (0.83, 1.17) 0.8787
AJCC clinical stage (ref. Stage I)
    II 2.73 (1.52, 4.91) 0.0008 1.77 (0.97, 3.23) 0.0638
    IIIA 3.79 (2.16, 6.67) <0.0001 3.01 (1.68, 5.41) 0.0002
    IIIB 4.98 (2.91, 8.54) <0.0001 3.46 (1.99, 6.01) <0.0001
    IVA 5.83 (3.38, 10.06) <0.0001 4.18 (2.39, 7.32) <0.0001
Current Cigarette Smoking (ref. never smoking) 1.13 (0.94, 1.36) 0.1941 0.95 (0.77, 1.17) 0.6335
Current Alcohol consumption (ref. never alcohol consumption) 1.03 (0.83, 1.27) 0.7889 1.02 (0.80, 1.22) 0.9135
CCI scores (ref. CCI=0)
    CCI≥1 1.73 (1.47, 2.04) <0.0001 1.50 (1.25, 1.79) <0.0001
Abbreviations: ESCC, Esophageal squamous cell carcinoma; CCRT, Concurrent chemoradiotherapy; PSM, Propensity score matching; CI, Con-
fidence interval; aHR, Adjusted hazard ratio; HR, hazard ratio; CCI, Charlson comorbidity index; cDDDs, cumulative defined daily doses; DDD, 
defined daily doses; ref., reference group; AH1, antihistamine H1. *All covariates presented in Table 2 were adjusted.

Table 4. cDDD of AH1 use and HRs of all-cause mortality and ESCC-specific mortality
All-Cause Mortality

Crude HR 95% CI P-value aHR* 95% CI P-value P for trend
cDDD of AH1 (ref. no AH1 use) <0.0001
    1-one third 0.73 (0.60, 0.88) 0.0011 0.75 (0.62, 0.92) 0.0044
    One third-two third 0.49 (0.40, 0.60) <0.0001 0.45 (0.37, 0.55) <0.0001
    > two thirds 0.42 (0.35, 0.52) <0.0001 0.38 (0.30, 0.47) <0.0001

ESCC-Specific Mortality
Crude HR 95% CI P-value aHR* 95% CI P-value P for trend

cDDD of AH1 (ref. no AH1 use) <0.0001
    1-one third 0.69 (0.56, 0.85) 0.0004 0.72 (0.58, 0.89) 0.0019
    One third-two third 0.42 (0.34, 0.52) <0.0001 0.40 (0.32, 0.50) <0.0001
    > two thirds 0.33 (0.26, 0.42) <0.0001 0.31 (0.24, 0.40) <0.0001
Abbreviations: ESCC, Esophageal squamous cell carcinoma; CCI, Confidence interval; aHR, Adjusted hazard ratio; HR, hazard 
ratio; CCI, Charlson comorbidity index; cDDDs, cumulative defined daily doses; ref., reference group; AH1, antihistamine H1. 
*All covariates presented in Table 2 were adjusted.
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all-cause and ESCC-specific mortality with a 
dose-response relationship. Additionally, high-
er cDDDs of AH use were associated with lower 
mortality, and our study also determined the 
optimal daily intensity of AH1 use (0.84 DDD) 
for the lowest ESCC-specific mortality.

In the realm of ESCC treatment, the potential 
anti-cancer effects of AH1 have emerged as a 
topic of considerable interest [12, 15, 21, 26- 
32]. AH1, primarily known for its anti-allergic 
properties, may offer a multifaceted approach 
to improve oncologic outcomes in ESCC pa- 

tients undergoing CCRT [9-20]. This class of 
antihistamines demonstrates promise through 
its mechanisms that encompass anti-allergic, 
anti-inflammatory, and immune-modulating 
effects [12, 15, 21, 26-32]. By mitigating aller-
gic reactions, AH1 can enable patients to bet-
ter tolerate the rigors of chemotherapy and 
radiation therapy, ensuring continuous, uninter-
rupted treatment. Additionally, AH1’s anti-
inflammatory attributes create a less condu-
cive environment for tumor growth [12, 15, 21, 
26-32], addressing the chronic inflammation 
often associated with ESCC. These antihista-

Figure 1. Kaplan-Meier analysis of overall survival curves and ESCC-specific survival curve in PSM patients with 
and without AH1 Use following standard definitive CCRT. A. Overall Survival curves. B. ESCC-specific Survival curve.

Figure 2. Kaplan-Meier curves of overall survival curves and ESCC-specific survival curves in patients with different 
cDDD of AH1 following standard definitive CCRT. A. Overall-survival. B. ESCC-specific Survival curve. 
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mines also hold potential in modulating the 
immune system, strengthening the body’s abil-
ity to recognize and combat cancer cells [33]. 
Moreover, by inhibiting autophagy and activat-
ing mitogen-activated protein kinases (MAPK) 
[34-36], AH1 may sensitize ESCC cells to treat-
ment-induced cytotoxicity and suppress their 
growth [37]. Their role in promoting anti-inflam-
matory responses further underscores the 
potential of AH1 in reducing the adverse impact 
of inflammation on cancer progression [33]. 
While these mechanisms are supported by 
existing research, further investigations are 
needed to elucidate their precise roles in the 
context of ESCC and CCRT [33-37]. The com-
bined effects of AH1 on allergies, inflammation, 
and immune responses represent a promising 
avenue for enhancing the therapeutic out-
comes of ESCC patients. Ongoing studies in 
this domain aim to provide comprehensive 
insights into the mechanisms and clinical ben-
efits of AH1 in the treatment of ESCC within the 
context of CCRT.

The prognosis for patients with ESCC undergo-
ing CCRT in Taiwan or in the world remains poor 
[8]. While the use of neoadjuvant CCRT fol-
lowed by thoracic surgery has been shown to 
improve survival outcomes [1], not all patients 
are able to tolerate this approach, and some 
studies have found no significant survival ben-
efits from trimodality therapy compared to 
CCRT alone [38]. Furthermore, the impact of 
dose escalation on survival outcomes for ESCC 
patients receiving CCRT is still a subject of 
debate [39]. Thus, the identification of safe and 
long-term medications that can enhance sur-
vival outcomes for patients with poor progno-
ses from ESCC receiving definitive CCRT is cru-
cial. Our study is the first to demonstrate that 
the use of AH1 during CCRT for ESCC is associ-
ated with improved overall survival and ESCC-
specific survival.

In Tables 2 and 3, a Cox proportional hazard 
model was used to identify independent poor 
prognostic factors for all-cause mortality and 
ESCC-specific mortality in patients with ESCC 
receiving standard CCRT. The results revealed 
that advanced age (greater than 70 years), 
stages IIIA, IIIB, IVA, and CCI score greater than 
or equal to 1 were identified as independent 
poor prognostic factors. These findings are con-
sistent with previous researches [3] and have 

been adjusted for potential confounding vari-
ables. These independent poor prognostic fac-
tors should be taken into consideration by phy-
sicians and patients when assessing the prog-
nosis of standard CCRT for ESCC patients. 
Additionally, the study suggests that the addi-
tion of AH1 to standard CCRT may be associat-
ed with improved overall survival and ESCC-
specific survival. Furthermore, the results indi-
cate that an optimal daily dose of AH1 of 0.84 
DDD, and higher cumulative dose (cDDD) after 
starting CCRT may be beneficial for survival 
outcomes in ESCC patients with higher poor 
prognostic factors (Supplementary Figures 1 
and 2).

The relationship between dosage of AH1 and 
its effects on patients with ESCC receiving 
CCRT has not been previously investigated. 
This study is the first to examine the dose-
response relationship of AH1 use in patients 
with ESCC receiving CCRT. The study evaluated 
the relationship between AH1 use, in terms of 
cumulative dose (cDDD) and daily intensity 
(DDD), and ESCC-specific mortality. A literature 
review revealed that no previous studies have 
investigated the relationship between cDDD, 
DDD, and mortality in patients with ESCC 
receiving CCRT. The study results demonstrat-
ed that higher cDDD of AH1 use after starting 
CCRT (Figure 2 and Supplementary Figure 1), 
and an optimal daily intensity of 0.84 DDD were 
associated with the lowest ESCC-specific mor-
tality (Supplementary Figure 2). These findings 
suggest that a sufficient cumulative dosage 
and optimal daily intensity of AH1 may be nec-
essary for patients with ESCC receiving CCRT to 
enhance its anticancer effects in conjunction 
with CCRT. 

The findings from this study illuminate the criti-
cal importance of determining the optimal daily 
dosage of AH1, which was established as  
0.84 DDD. This revelation provides valuable 
insights into the potential effectiveness of AH1 
in the context of ESCC patients undergoing 
CCRT. Notably, our data demonstrated a clear 
association between higher cumulative DDD of 
AH1 usage and a lower ESCC-specific mortality 
rate, particularly when maintaining the optimal 
daily intensity at 0.84 DDD. These results 
underscore the potential necessity of achieving 
a sufficient cumulative dosage and adhering to 
the optimal daily intensity of AH1 to maximize 
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its anticancer effects when used alongside 
CCRT. While these findings are promising, it’s 
important to acknowledge the need for further 
randomized controlled trials to substantiate the 
optimal daily dosage of AH1 for ESCC patients 
undergoing CCRT.

The present study has several strengths. Firstly, 
it is the first to investigate the relationship 
between cumulative and daily intensity dosage 
of AH1 and the outcomes of patients with ESCC 
receiving standard CCRT. Secondly, the study 
utilized a consistent treatment regimen for 
ESCC, rather than a mixture of adenocarcino-
ma and squamous cell carcinoma, and ensured 
that the use of AH1 was concurrent with che-
motherapy and radiotherapy. Thirdly, modern 
radiotherapy techniques, specifically intensity 
modulated radiation therapy, were used consis-
tently throughout the study. Lastly, the study 
employed a propensity score matching cohort 
design, making it the first of its kind to examine 
the impact of AH1 use on survival outcomes in 
patients with ESCC receiving standard CCRT.

This study had several limitations that should 
be acknowledged. Firstly, it was not able to 
determine the toxicity of AH1 use, which could 
have influenced AH1-related side effects or 
other underlying factors that could have biased 
the estimates. The study attempted to control 
for potential confounding factors by matching 
comorbidities and clinical stages according to 
the AJCC criteria and selecting patients with 
similar physical activity levels as measured by 
Eastern Cooperative Oncology Group perfor-
mance statuses. Secondly, the study popula-
tion consisted solely of Asian patients with 
ESCC receiving CCRT, thus the results may not 
be generalizable to other ethnic groups. Thirdly, 
diagnoses of comorbid conditions were based 
on International Classification of Diseases  
9th and 10th revisions codes (ICD-9-CM and 
ICD-10-CM), which may not be entirely accu-
rate. However, the Taiwan Cancer Registry 
Administration takes steps to verify the accu-
racy of diagnoses through chart reviews and 
patient interviews, and hospitals found to have 
discrepancies or have engaged in malpractice 
may face penalties. Fourthly, our study did not 
identify substantial differences in treatment 
outcomes associated with various categories 
of AH1. This observation is primarily attributed 
to the fact that different categories of AH1 pri-
marily target histamine H1 receptors, with no 

existing evidence indicating significant dispari-
ties in their effects on ESCC patients. In clinical 
practice, patients may frequently utilize multi-
ple categories of AH1, complicating the deter-
mination of the specific category that might  
be most effective for ESCC patients. Lastly, 
unknown selection bias may have existed in the 
use of AH1 or non-AH1 use. Therefore, a large-
scale randomized trial is needed to compare 
carefully selected patients undergoing suitable 
treatments in order to provide more definitive 
conclusions about the effectiveness of AH1 
use in treating patients with ESCC receiving 
standard CCRT.

Conclusion

Our study results suggest that the incorpora-
tion of AH1 during the course of CCRT may 
enhance overall survival and ESCC-specific sur-
vival among patients receiving definitive CCRT 
for ESCC. Furthermore, our study revealed that 
a higher cumulative dose (cDDD) of AH1 use 
was associated with a decrease in all-cause 
mortality and ESCC-specific mortality. An opti-
mal daily intensity of 0.84 defined daily dose 
(DDD) of AH1 use was identified as having the 
lowest ESCC-specific mortality. These findings 
provide evidence that the use of AH1 during 
CCRT may enhance outcomes for patients with 
ESCC and warrant further investigation to fully 
comprehend the underlying mechanisms of 
this association.
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Supplementary Figure 1. The cDDD and the hazard ratio of ESCC-specific mortality in patients with and without AH1 
Use following standard definitive CCRT.

Supplementary Figure 2. Intensity of AH1 use (DDD) and the hazard ratio of ESCC-specific mortality in patients with 
and without AH1 use following standard definitive CCRT.


