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Abstract

Objective: To study changes in T lymphocyte subsets, cytokines, and liver enzymes in patients
with malignant obstructive jaundice (MO)J) before and after external biliary drainage (percutane-
ous transhepatic cholangiography drainage, PTCD) and internal biliary drainage (percutaneous
transhepatic insertion of biliary stents, PTIBS).

Methods: MO]J patients undergoing PTCD (n=44) and PTIBS (n=38) at our hospital were
enrolled in the study from January 2017 until December 2019. Peripheral blood total bilirubin
(TBIL), direct bilirubin (DBIL), aspartate aminotransferase (AST), alanine aminotransferase (ALT),
CD3"%, CD4"%, CD4"/CD8™ ratio, interleukin (IL)-2, IL-6, and tumor necrosis factor (TNF)-o
were measured before and | week after biliary drainage.

Results: There was no significant difference in any parameter between the two groups before
biliary drainage. TBIL, DBIL, AST and ALT following PTCD were significantly lower than before
PTCD. By contrast, CD3"%, CD4"%, CD4"/CD8" ratio, IL-2, IL-6 and TNF-x showed no sig-
nificant difference before and | week after PTCD. TBIL, DBIL, AST, ALT, IL-6 and TNF-o were
significantly lower following PTIBS than before PTIBS. CD3"%, CD4 "%, CD4"/CD8" ratio and
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IL-2 were significantly higher following PTIBS than before PTIBS.
Conclusion: Both PTCD and PTIBS were effective for treatment of MO], but PTIBS was more

beneficial for recovery of immune function.
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Introduction

Malignant obstructive jaundice (MOJ) is a
common disease of the digestive system and
is caused by obstruction of the bile ducts by
malignant tumors (biliary cancer, pancreat-
ic cancer, and ampulla cancer)."?
Hyperbilirubinemia and  endotoxemia
caused by bile duct obstruction can impair
liver function as well as immune function.**
Suppression of immune function is a key
factor leading to high complication rates,
high mortality rates and poor prognoses
in patients with MOJ.* Patients with MOJ
often experience postoperative infections,
which are thought to be associated with
weakened immune function, particularly
of the cellular immune system.” Some data
have suggested that the mortality rates of
MOJ patients were as high as 15% to
20%." Therefore, restoring immune func-
tion in patients with MOJ quickly and
effectively is of great clinical importance
to reduce perioperative complications and
mortality.

Percutaneous transhepatic cholangiogra-
phy drainage (PTCD) is a minimally inva-
sive palliative treatment for MOJ.® Patients
undergoing external biliary drainage
showed a cumulative bile loss of 800 to
1000 mL or more per day before removal
of the drainage tube. Loss of large amounts
of bile leads to disturbances of water,

electrolyte and pH balance and disrupts
digestion of fats, absorption of fat-
soluble vitamins, integrity and function of
the intestinal mucosal barrier, and homeo-
stasis of the intestinal microflora.
Following percutaneous transhepatic inser-
tion of biliary stents (PTIBS), bile can enter
the intestine, thus maintaining the physiol-
ogy of enterohepatic circulation, the bal-
ance of water and electrolytes, and
the activities and functions of various
digestive enzymes in the bile duct, pancreas
and  intestinal  tract. PTIBS  has
several advantages including fewer compli-
cations, enhanced intestinal peristalsis,
improved nutritional status, reduced
volume of fluid infusion, and reduced
financial burden for patients. PTIBS can
also reduce the loss of important
components of bile such as bile salts and
secretory IgA.?

Few studies have investigated whether
PTCD and PTIBS can restore the cellular
immune function of patients and the pro-
duction of related cytokines. In this study,
changes in T lymphocyte subsets, cytokines
and liver enzymes in peripheral blood were
analyzed retrospectively before and after
biliary drainage. We discuss our results
and the evidence they provide for clinical
selection of internal and external drainage
procedures.
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Materials and methods

Patients

Patients with MOJ consulted in our depart-
ment from January 2017 to December 2019
were treated with either PTCD or PTIBS.
Prior to surgery, patients in both groups
were unaware of the procedure they would
undergo prior to surgery. Tumors causing
MOJ included biliary cancer, pancreatic
cancer, and ampulla cancer. General and
clinical data were collected when patients
were admitted to hospital. This study was
approved by the Institutional Ethics
Committee of Qinhuangdao Municipal
No. 1 Hospital (201912B013, 2019-12-18).
The patients and/or their families consented
to all procedures in the study. We deidenti-
fied all patient details.

Inclusion and exclusion criteria

All patients with MOJ seen in our depart-
ment and diagnosed with malignant tumors
by imaging examinations, such as abdomi-
nal B-scan ultrasound or computed tomog-
raphy, from January 2017 to December
2019 were included. Patients did not
choose the type of choledochojejunostomy
received, and did not receive any chemo-
therapy, radiotherapy or other anti-tumor
treatments. Patients with obstructive jaun-
dice resulting from cholangitis or cholelithi-
asis, patients with multiple organ failure,
and patients with histories of chemothera-
py, radiation, or other interventions were
excluded.

Biliary drainage

For PTCD, puncture was performed with
the assistance of digital subtraction angiog-
raphy under local anesthesia and with guid-
ance from B-scan ultrasound at the most
obvious site of bile duct dilation. At this
point, the location and extent of bile duct
obstruction was determined by injecting

contrast medium, then, using the guide
wire expander, applying the interventional
exchange technique to fix the drainage tube
into the bile duct. After the procedure,
patients were deprived of water and kept
in bed. Anti-infection, anti-enzyme, hepato-
protective, hemostatic and other treatments
were administered. Vital signs were moni-
tored and external drainage was closely
observed.

For PTIBS, the bile duct puncture tech-
nique was the same as for PTCD. A black
loach guide wire was applied to the upper
part of the obstructed segment. A single
curved duct was introduced along the
guide wire, then the guide wire and duct
were combined to pass through the
narrow segment. An 8- to 10-mm diameter
balloon was introduced along the guide
wire to expand the narrow segment. After
exiting the balloon, a rigid guide wire was
used to transport a stent of the proper size
to the site of narrowing. Contrast medium
was observed to pass smoothly through the
narrowing into the duodenum. Finally, the
guide wire and catheter were removed to
block the puncture channel.

Data collection
Total bilirubin (TBIL), direct bilirubin

(DBIL), aspartate aminotransferase
(AST), alanine aminotransferase (ALT),
CD3"%, CD4"%, CD4"/CD8" ratio,

interleukin (IL)-2, IL-6 and tumor necrosis
factor (TNF)-o were measured 1 day before
biliary drainage and 1 week after.
Measurements before and after surgery
were compared between the two groups.
Procedures in patients whose TBIL
decreased more than 30% in 1 week or
more than 50% in 2 weeks were judged as
significantly  effective.  Procedures in
patients whose TBIL decreased less than
30% in 1 week or less than 50% in 2
weeks were judged as effective. All other
procedures were judged as ineffective.
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Total efficacy was calculated as (significant-
ly effective + effective) / total number of
cases X 100%. Complications occurring
within 2 weeks of procedures were recorded
and analyzed. The incidence of acute pan-
creatitis, acute cholangitis and abdominal
hemorrhage was compared between the
two groups. Changes in indices of liver
function, immunological indices and cyto-
kine levels before and after interventions
were compared between the two groups.

Statistical analysis

SPSS version 22.0 (SPSS Inc., Chicago, IL,
USA) was used for all statistical analyses.
Continuous data were presented as mean-
s+tstandard deviations and categorical
data were presented as counts and percen-
tages. Differences between continuous var-
iables were assessed using the t test and
differences between categorical variables
were assessed using the y° test. Values of
p<0.05 were considered statistically
significant.

Results

Comparison of patients undergoing PTCD
and PTIBS

Among 82 patients with MOJ consulted in
our department from January 2017 to
December 2019, 44 underwent PTCD and
38 underwent PTIBS. Patients undergoing
PTCD were 44 to 71 years old; 21 were
women and 23 were men. The tumors caus-
ing MOJ were biliary cancer (n=22), pan-
creatic cancer (n=15), and ampulla cancer
(n=7). Patients undergoing PTIBS were 42
to 74 years old; 18 were women and 20 were
men. The tumors causing MOJ were biliary
cancer (n=20), pancreatic cancer (n=13),
and ampulla cancer (n=75). Demographic
and clinical data of patients at hospital
admission are shown in Table 1. Gender,
age, type of malignant tumor, Karnofsky

performance score, tumor size, presence of
distant metastasis and preoperative chemo-
therapy were similar in the PTCD and
PTIBS groups.

Comparison of bilirubin level and liver
function before and after PTCD and
PTIBS

Prior to biliary drainage by PTCD, TBIL
was 186.56+53.93 umol/L, DBIL was
126.60+£36.60 pmol/L, AST was 111.83+
33.32 TU/L, and ALT was 179.72+42.74
IU/L. Prior to biliary drainage by PTIBS,
TBIL was 180.40+45.84 umol/L, DBIL
was 118.124+30.02 umol/L, AST was
114.03+28.98 1U/L, and ALT was
172.04 +43.72 TU/L. There were no signifi-
cant differences in TBIL, DBIL, AST or
ALT in the two groups of patients prior to
surgery. One week following PTCD, TBIL
decreased to 117.35439.56 umol/L, DBIL
to 82.00+27.64 umol/L, AST to 64.68 +
20.41 TU/L, and ALT to 101.61 +21.63
IU/L. Differences in all of these parameters
before and after PTCD were statistically sig-
nificant (p<0.05). One week following
PTIBS, TBIL decreased to 121.21+
46.39 umol/L, DBIL to 84.86 4 32.48 umol/
L, AST to 65.90 +25.22 TU/L, and ALT to
103.93 +39.77 TU/L. Differences in all of
these parameters before and after PTIBS
were statistically significant (p<0.05).
There were no significant differences in
TBIL, DBIL, AST and ALT levels between
the two groups post-surgery (Figure 1).

Comparison of T lymphocytes before and
after PTCD and PTIBS

Prior to PTCD, the CD3" T lymphocyte
percentage was 58.19 +6.65%, the CD4"
T Ilymphocyte percentage was 29.94+
2.80%, and the CD4"7/CD8" ratio was
1.154+0.10. Prior to PTIBS, the CD3" T
lymphocyte percentage was 58.77 +7.52%,
the CD4" T lymphocyte percentage was
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Table |I. Demographic and clinical characteristics of patients with malignant obstructive jaundice under-

going PTCD and PTIBS.

PTCD (n=44) PTIBS (n=38) Statistic  p value
Primary cancer Biliary cancer (n=22) Biliary cancer (n=20) %> =0.1330.935

Pancreatic cancer (n= |5) Pancreatic cancer (n=13)

Ampulla cancer (n=7)  Ampulla cancer (n=15)
Age (years) 57.36 +£7.99 57.29+8.61 t=0.040 0.968
Sex (F/M) 21/23 18/20 > =0.001 0.974
Karnofsky performance score 6240 £ 1.83 62.33£1.70 t=0.179 0.859
Tumor size (>5 cm/<5 cm) 2/142 3/35 72 =0.399 0.527
Distant metastasis (Y/N) 11/33 9/29 7>=0.0190.890
Preoperative chemotherapy (Y/N) 5/39 6/32 %> =0.3440.558

Values are shown as counts or means =+ standard deviations.

PTCD, percutaneous transhepatic cholangiography drainage; PTIBS, percutaneous transhepatic insertion of biliary stents.
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Figure |. Levels of total bilirubin (TBIL), direct bilirubin (DBIL), asparagine aminotransferase (AST) and
alanine aminotransferase (ALT) before and after percutaneous transhepatic cholangiography drainage
(PTCD) and percutaneous transhepatic insertion of biliary stents (PTIBS) in patients with malignant

obstructive jaundice.

30.25+3.02%, and the CD4"/CD8" ratio
was 1.12+0.11. There were no significant
differences in CD3" or CD4" T Iymphocyte
percentages or in the CD4"7/CD8" ratio
between the two groups prior to surgery.

One week after PTCD, the CD3" T lym-
phocyte percentage was 58.42 £ 6.59%, the
CD4"% T lymphocyte percentage was
30.09 £2.15%, and the CD4"/CD8" ratio
was 1.10£0.12. There were no significant
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Figure 2. CD3" T lymphocyte percentages, CD4" T lymphocyte percentages, CD4-+-/CD8+ ratio, IL-2
levels and TNF-u levels before and | week after percutaneous transhepatic cholangiography drainage
(PTCD) and percutaneous transhepatic insertion of biliary stents (PTIBS) in patients with malignant

obstructive jaundice.

differences in CD3" or CD4*" T lymphocyte
percentages or in the CD4"/CD8" ratio
before and after PTCD. However, 1 week
after PTIBS, the percentage of CD3" T
lymphocytes increased to 69.00+4.29%,
the percentage of CD4" T lymphocytes
increased to 39.68 £1.98%, and the
CD4"/CD8" ratio to 1.31 £0.07. All three
of these values were significantly higher
than those before surgery (p<0.05). There
was a significant difference in postoperative
CD3" T lymphocyte percentages, CD4" T
lymphocyte percentages and the CD4"/
CD8™ ratio between patients undergoing
PTCD and PTIBS (Figure 2).

Comparison of cytokines before and after
PTCD and PTIBS

IL-2 levels were 1.49+0.13ng/mL, IL-6
levels were 6.76 +0.98 ng/mL, and TNF-«
levels were 31.08 +2.15fmol/mL prior to
PTCD. IL-2 levels were 1.50 +0.10 ng/mL,
IL-6 levels were 6.57+1.09ng/mL, and
TNF-o levels were 32.01 £2.54fmol/mL
prior to PTIBS. There were no significant
difference in IL-2, IL-6 and TNF-u« levels
between the two groups before surgery.
One week after PTCD, IL-2 Ilevels
were 1.45+0.12ng/mL, IL-6 levels were
6.27+1.35ng/mL, and TNF-« levels were



An et al.

30.75+2.77 fmol/mL. There were no signif-
icant differences between IL-2, IL-6 and
TNF-o levels before and after PTCD.
However, 1 week after PTIBS, IL-2 levels
increased to 1.93+0.06 ng/mL, IL-6 levels
decreased to 3.21 £ 1.10ng/mL, and TNF-«
levels decreased to 13.73 £1.37 fmol/mL
(Figure 3). These differences were statisti-
cally significant (p<0.05). There was also
a significant difference in postoperative
IL-2 and TNF-o levels between the two
groups (Figure 2).

Comparison of effectiveness and
complication rates of PTCD and PTIBS
PTCD was effective in 93.18% of patients,

while PTIBS was effective in 94.74% of
patients. There was no significant difference

Comparison of IL-6 value
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Figure 3. IL-6 levels before and after percutane-
ous transhepatic cholangiography drainage (PTCD)
and percutaneous transhepatic insertion of biliary
stents (PTIBS).

in the incidence of postoperative complica-
tions between patients undergoing PTCD
and PTIBS (Tables 2 and 3).

Discussion

Treatment of biliary obstructions using
minimally invasive interventions is impor-
tant for patients with MOJ.” Successful
treatment can prolong survival and
improve quality of life. Percutaneous or
endoscopic biliary drainage (EBD) can
also be performed, but studies have shown
that the incidence of pancreatitis among
patients undergoing EBD was higher than
in those undergoing PTCD. In this study,
PTCD and PTIBS were used for minimally
invasive treatment of MOJ.® Changes in
TBIL, DBIL, AST and ALT before and
after PTCD and PTIBS were assessed. In
both groups, we observed significant
decreases in TBIL, DBIL, AST and ALT
1 week post-surgery. We found no differ-
ence between the effectiveness of PTCD
and PTIBS nor in the incidence of compli-
cations among patients undergoing these
procedures. Thus, both drainage methods
had similar overall effects in relieving jaun-
dice and restoring liver function. However,
there were some differences between PTCD
and PTIBS. PTCD is relatively simple;
however, its disadvantages include the
requirement to carry a drainage bag for rel-
atively long periods, loss of a large amount
of bile salts causing pH, water and electro-
lyte imbalances, slow recovery from the

Table 2. Effectiveness of PTCD and PTIBS in reducing total bilirubin in patients with malignant obstructive

jaundice.
Significantly effective Effective Ineffective Total efficacy [n (%)]
PTCD (n=44) 31 3 41 (93.18)
PTIBS (n=38) 29 2 36 (94.74)
P 0.086
p value 0.769

PTCD, percutaneous transhepatic cholangiography drainage; PTIBS, percutaneous transhepatic insertion of biliary stents.
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Table 3. Complications of PTCD and PTIBS in in patients with malignant obstructive jaundice.

Abdominal hemorrhage  Pancreatitis  Cholangitis Death  Total incidence [n (%)]
PTCD (n=44) 3 0 2 0 5 (11.36)
PTIBS (n=38) | 3 | 0 5 (13.16)
b 0.061
p value 0.804

PTCD, percutaneous transhepatic cholangiography drainage; PTIBS, percutaneous transhepatic insertion of biliary stents.

procedure, and limited improvement to
quality of life.” The advantages of PTIBS
are that bile is able to enter the intestine
completely, restoring the biliary tract close
to the physiological state. Moreover, there
is no need for an in-dwelling drainage tube,
so the patient’s quality of life improves
substantially.'”

We found a significant difference in
levels of TNF-a before and after biliary
drainage in patients undergoing PTIBS,
but not in those undergoing PTCD. Levels
of TNF-o after PTIBS were significantly
lower than those before surgery, in agree-
ment with a previous study.” One potential
explanation for this result is that the lack of
bile salts in the intestinal tract during devel-
opment of MOJ led to imbalances of bac-
terial flora, production of large amounts of
endotoxin, bacterial translocation, entry of
endotoxin into the liver through the portal
vein,!' and activation of Kuppfer cells to
produce large amounts of TNF-o.'*!* In
patients undergoing PTIBS, bile could
enter the intestine through a narrow seg-
ment after drainage, inhibiting the over-
growth of intestinal flora and endotoxin
production, maintaining the integrity of
mucosal barrier, and preventing endotoxin
absorption.

T lymphocytes in the peripheral blood
are a sensitive indicator of cellular
immune status. In the healthy body, T lym-
phocyte subpopulations coordinate with
one another to maintain normal immune
function. Perturbation of the numbers or
function of T lymphocyte populations can

lead to immune disorders. The CD4"/
CDS8" ratio can indirectly reflect the level
of cellular immune function, and is positive-
ly correlated with cellular immune func-
tion.? Previous studies showed that
obstructive jaundice affected T lymphocyte
function in the early stages of the disease;
however, some effects lasted longer, and the
main manifestations were increased num-
bers of lymphocytes and decreased numbers
of CD4" T lymphocytes.'* A negative asso-
ciation was observed between elevated lym-
phocyte levels in the peripheral blood and
the risk of serious infection post-treat-
ment.'> Therefore, to reduce the risk of seri-
ous infection, lymphocyte function must be
restored as early as possible following
treatment.

IL-2 is produced by T lymphocytes,
mainly CD4" cells, and promotes prolifer-
ation of T lymphocytes, lymphocyte matu-
ration, and immune function.'®" In this
study, patients undergoing PTIBS showed
more complete functional recovery of lym-
phocytes than patients undergoing PTCD
within 1 week post-surgery. CD3" T lym-
phocyte percentages, CD4" T lymphocyte
percentages, the CD4'/CD8" ratio and
IL-2 levels were significantly increased fol-
lowing PTIBS, but not following PTCD.
This finding was consistent with the results
of previous studies.>'* One potential expla-
nation of this result was that following
PTCD, bile cannot enter the intestine.
Thus, the intestinal tract continues to over-
produce TNF-¢, which can elicit neutrophil
inflammatory mediators that inhibit T
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lymphocyte proliferation, activation and
IL-2 secretion. Therefore, changes in
CD3" T lymphocyte percentages, CD4" T
lymphocyte percentages, the CD4"/CD8"
ratio and IL-2 levels were not obvious fol-
lowing PTCD.>?° IL-6 is mainly produced
by activated mononuclear phagocytes,
including Kuppfer cells. During MOJ,
levels of TNF-a and the number of
Kupffer cells increased, resulting in signifi-
cant IL-6 production.?! In patients under-
going PTIBS, production of TNF-a
was reduced after bile entered the
intestine and numbers of Kupffer cells
decreased, resulting in decreased levels of
IL-6 and weaker inhibitory effects of
TNF-o on activation of T lymphocytes.
Therefore, CD3% T lymphocyte percen-
tages, CD4" T lymphocyte percentages,
the CD4%/CD8' ratio and IL-2 levels
were upregulated.

In summary, biliary drainage using
PTCD and PTIBS was effective in treating
patients with MOJ. Both procedures
improved jaundice, achieved biliary drain-
age, and restored liver function similarly.
Compared with PTCD, PTIBS may
improve the immune function of patients
sooner after surgery. These results provide
a theoretical basis for the choice of mini-
mally invasive surgery for MOJ. However,
there were several limitations to our study.
First the number of cases included in the
study was small, and our findings should
be replicated in larger prospective studies.
Second, our study did not include other
minimally invasive methods for treatment
of jaundice, such as EBD. Third, this was
a retrospective analysis, and thus prone to
some degree of bias. We hope that future
research can replicate and expand upon our
findings.
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