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Abstract

Purpose: For digestive tract cancers, the bilirubin
threshold for administration of systemic chemotherapy
can be 5 or 2 mg/dL (85.5 or 34.2 lmol/L) depending
upon the regimen. We examined the ability of percuta-
neous biliary drainage (PBD) in patients with malignant
biliary obstruction to achieve these clinically relevant
endpoints.
Methods: 106 consecutive patients with malignant biliary
obstruction and a baseline serum bilirubin >2 mg/dL
underwent PBD. Time to achieve a bilirubin of 5 mg/dL
(85.5 lmol/L), 2 mg/dL (34.2 lmol/L), and survival was
estimated by Kaplan–Meier analysis. Potential technical
and clinical prognostic factors were subjected to univari-
ate and multivariate analysis. Categorical variables were
analyzed by the log rank test. Hazard ratios were
calculated for continuous variables.
Results: Median survival was 100 days (range 1–
3771 days). Among 88 patients with a pre-drainage
bilirubin >5 mg/dL, 62% achieved a serum bilirubin
£5 mg/dL within 30 days and 84% within 60 days,
median 21 days. Among 106 patients with a pre-drainage
bilirubin >2 mg/dL, 37% achieved a serum bilirubin
£2 mg/dL by 30 days and 70% within 60 days, median
43 days. None of the technical or clinical factors eval-
uated, including pre-drainage bilirubin, were significant

predictors of time to achieve a bilirubin £2 mg/dL
(p = 0.51). Size and type of biliary device were the only
technical variables found to affect time to bilirubin of
5 mg/dL (p = 0.016).
Conclusion: PBD of malignant obstruction achieves
clinically relevant reduction in serum bilirubin in the
majority of patients within 1–2 months, irrespective of
the pre-drainage serum bilirubin, sufficient to allow
administration of systemic chemotherapy. However, the
decision to undergo this procedure for this indication
alone must be considered in the context of patients’
prognosis and treatment goals.
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Many chemotherapeutic agents used for gastrointestinal
malignancies are contraindicated in patients with ele-
vated serum bilirubin levels because diminished hepatic
clearance may lead to increased toxicity [1–5]. For this
reason, patients with malignant biliary obstruction may
undergo biliary drainage to lower serum bilirubin to al-
low initiation of chemotherapy.

A previous study reported that only 31% of patients
undergoing percutaneous biliary drainage (PBD) to de-
crease serum bilirubin for administration of chemother-
apy reached a level of 1 mg/dL (17.1 lmol/L) by
100 days [6]. However, chemotherapeutic agents com-
monly used to treat GI cancers and other malignancies
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causing biliary obstruction do not require normalization
of serum bilirubin levels. Serum bilirubin levels of 2 or
5 mg/dL (34.2 or 85.5 lmol/L) are often sufficient,
depending on the regimen [3]. This study evaluates the
ability of PBD to achieve these clinically relevant end-
points and identifies patient characteristics and technical
variables that are predictive of success.

Methods

This retrospective study was approved by the Institu-
tional Review Board and requirement for informed
consent was waived. We searched our Quality Assurance
Database (HI-IQ, Conexys, Lincoln, RI) and identified
all patients who underwent percutaneous biliary drai-
nage at our institution between July 2004 and May 2013.
106 consecutive patients drained for a malignant biliary
obstruction, defined by the presence of one or multiple
biliary strictures or occlusions with an elevated serum
bilirubin, a diagnosis of cancer, and no other docu-
mented reason for the obstruction.

The clinical variables examined included cancer
diagnosis; presence of liver metastases (none, focal, dif-
fuse); location of the stricture or occlusion; prior biliary
surgery; pre-drainage total serum bilirubin, creatinine,
international normalized ratio (INR), and platelet count;
presence of cholangitis or pruritus; whether the patient
received chemotherapy; and survival. Demographic
information obtained included sex, age, and race.

Pre-drainage bilirubin levels, creatinine, INR, and
platelet count were recorded on the day of the procedure
or no more than 3 days prior to the drainage. The
location of the stricture was recorded as documented on
the exam report or by review of the procedural cholan-
giogram. The technical variables examined included
fraction of the liver drained by quartiles, size of drain,
and type of drain. The percentage of liver drained was
estimated by reviewing the procedural cholangiograms in
combination with concurrent cross-sectional imaging
(CT or MRI scan). The number of lobes drained was
divided by the total number of lobes present, in order to
account for patients with partial hepatectomy. All ima-
ges were reviewed by a senior attending with >20 years
experience. Selection of the initial size and type of drain
was at the discretion of the interventional radiologist
based on the patient’s anatomy and features of the
obstruction. Patients in whom the biliary obstruction
could be traversed who had suitable anatomy underwent
metal stent placement, either primarily or after initial
tube decompression. If it was not possible for the
guidewire to cross the obstruction, an external drain was
placed. Drains were changed for preventative mainte-
nance every 3 months, with replacement or upsizing in
cases of pericatheter leakage or drain dislodgment.

The time to achieve a total serum bilirubin of 2 and
5 mg/dL were the primary study endpoints because these

are the levels required by most chemotherapy protocols
before initiation of chemotherapy for digestive tract
cancers. Postdrainage serum bilirubin levels were re-
corded at variable intervals until achieving £2 mg/dL,
patient death, or loss to follow-up.

The time to bilirubin level endpoints was counted
from the date of successful completion of biliary drai-
nage. For example, if a drain needed to be upsized a few
days after initial placement, or an additional drain was
placed due to inadequate drainage after the first proce-
dure, time to normalization was counted from the date of
the second drain placement. Survival was calculated
from the date of the initial biliary drainage.

Statistical analysis

Time to achieve a bilirubin of 5 mg/dL, 2 mg/dL and sur-
vival were estimated by the method of Kaplan and Meier
(Medcalc v12, MedCalc Software, Ostend, Belgium).

Time to achieve a bilirubin of 5 mg/dL, 2 mg/dL and
overall survival were compared for categorically defined
groups using the log rank test. Associations with con-
tinuous laboratory variables were evaluated by Cox
regression analysis. Continuous variables were also cat-
egorized by quartiles and compared by the log rank test.
All analyses were performed in SPSS v21 (SPSS, Inc,
Chicago, IL). Significance was defined as p < 0.05.

Results

The median follow-up time for all patients was 90 days.
For 86 patients, surveillance of bilirubin levels continued
until death or endpoints were reached. For 18 patients
who were still alive at the time of data collection,
surveillance ended on the expiration date of the IRB
waiver. Two patients were lost to follow-up.

The median age at time of percutaneous biliary
drainage was 64 years (range 21–99 years). Median sur-
vival for the study population was 100 days (range 1–
3771 days), with 75% alive at 30 days, 60% at 60 days,
and 52% at 90 days. Survival data were not available for
two patients who were lost to follow-up Fig. 1.

37 patients had a diagnosis of pancreatic cancer, 24
patients had cholangiocarcinoma, six patients had gastric
cancer, four patients had gall bladder cancer, and 35
patients had another cancer diagnosis, including duode-
nal, colon, cervical, and lung cancer, among others.
Demographic and clinical data are displayed in Table 1.

Pre-drainage serum bilirubin levels ranged from 2.0 to
37.4 mg/dL (mean ± SD, 12.3 ± 8.3 mg/dL) [34.2–
639.5 lmol/L (mean ± SD, 210.3 ± 141.9 lmol/L)]. For
all 106 patients with a pre-drainage bilirubin level
>2 mg/dL, the median time to achieve a bilirubin level
of 2 mg/dL was 43 days, with 37% achieving this level by
30 days, 70% by 60 days, and 88% by 90 days, Fig. 2. 88
of these patients had a pre-drainage bilirubin level
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>5 mg/dL. The median time to achieve a bilirubin level
of 5 mg/dL was 21 days, with 62% achieving this level by
30 days, 84% by 60 days, and 92% by 90 days, Fig. 3.

Results of univariate analysis to assess the association
of bilirubin endpoints with clinical and technical vari-
ables are presented in Tables 2 and 3. No clinical vari-
ables (cancer type, liver metastases, prior hepatobiliary
surgery, level of obstruction, or obstructive symptoms)
were associated with time to achieve a bilirubin of 2 or
5 mg/dL. Size and type of biliary device were the only
technical variables found to affect time to bilirubin of

5 mg/dL (p = 0.016). Patients requiring multiple per-
cutaneous drains had a median time to reach a bilirubin
of 5 mg/dL of 70 days; those with a single 8F or 10F
drain had a median time of 24 days; those with a single
12F or 14F drain had a median time of 15 days; and
patients with a single metal stent had a median time of
7 days. No technical variables (drain or stent type/size,
drain or stent location, percent liver drained) were
associated with time to reach a bilirubin of 2 mg/dL.

Pre-drainage bilirubin categorized by quartiles was a
significant predictor of time to achieve a bilirubin £5 mg/
dL (p < 0.001). Patients with pre-drainage bilirubin le-
vels in the lowest quartile, between 5.1 and 8.6 mg/dL,
achieved a bilirubin of 5 mg/dL in a median time of
3 days; patients with a pre-drainage bilirubin from 8.7 to

Fig. 1. Kaplan–Meier estimate of survival following percu-
taneous biliary drainage, with 95% confidence intervals.

Table 1. Baseline demographic and clinical data

Variable N (%)

Sex
M 62 (58)
F 44 (42)

Race
White 67 (63)
Black 28 (26)
Asian 2 (2)
Hispanic 1 (1)
N/A 8 (8)

Cancer diagnosis
Pancreatic 37 (35)
Cholangiocarcinoma 24 (23)
Gastric 6 (6)
Gall bladder 4 (4)
Other 35 (33)

Liver metastases
None 57 (54)
Focal 16 (15)
Diffuse 29 (27)
N/A 4 (4)

Prior biliary surgery
Yes 55 (52)
No 51 (48)

Level of obstruction
Common bile duct 56 (53)
Common hepatic duct 16 (15)
R or L hepatic duct 7 (7)
Anastomotic 15 (14)
Multiple 12 (11)

Fig. 2. Kaplan–Meier estimate of probability of achieving
total serum bilirubin of 2 mg/dL within 90 days, with 95%
confidence intervals.

Fig. 3. Kaplan–Meier estimate of probability of achieving
total serum bilirubin of 5 mg/dL within 90 days, with 95%
confidence intervals.
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13.7 mg/dL took an average of 7 days; patients with le-
vels of 13.7 to 19.7 mg/dL took 32 days; and patients
with pre-drainage levels from 19.8 to 37.4 mg/dL had a
median time to reach 5 mg/dL of 40 days. Time to
achieve a bilirubin of 2 mg/dL increased with pre-drai-
nage quartiles but the trend did not reach statistical
significance (p = 0.51) Table 4.

The high rates of success reaching target bilirubin
must be considered in the context of overall survival.
Patients in the higher quartiles for baseline bilirubin had
shorter survival, although the difference did not reach
statistical significance by the log rank test, Table 5.
Using Cox regression analysis of pre-drainage bilirubin
as a continuous variable, there was a small but statisti-

Table 2. Univariate analysis of bilirubin response according to clinical variables

Variable N Median days to TB 2 mg/dL P value (log rank test) N Median days to TB 5 mg/dL P value (log rank test)

Cancer type
Biliary 28 55 24 5
Pancreas 40 46 0.67 31 12 0.52
Other 38 30 33 26

Liver metastases
None 57 55 47 28
Focal 16 41 0.72 13 7 0.55
Diffuse 29 30 25 15

Prior hepatobiliary surgery
No 51 41 0.67 46 15 0.94
Yes 55 44 42 26

Level of obstruction
Common duct 72 41 59 17
Lobar 7 61 0.42 6 NR 0.69
Anastomotic 15 25 12 5
Multiple 12 70 11 70

Clinical symptoms (cholangitis/pruritus)
Yes 70 44 0.23 56 24 0.89
No 36 41 32 17

Table 3. Univariate analysis of bilirubin response according to technical variables

Variable N Median days to TB 2 mg/dL P value N Median days to TB 5 mg/dL P value

Stent/drain size
8F–10F 52 44 43 24
12F–14F 33 41 0.12 30 15 0.016
Metal 14 30 9 7
Multiple types of drains 7 70 6 70

Stent/drain location
Internal 17 32 11 8
External 6 51 0.73 6 4.5 0.06
Int–ext 80 44 68 21

Multiple locations of drains 3 70 3 70
% Liver drained

100% 83 40 67 15
50%–75% 4 55 0.71 4 18.5 0.68
25%–50% 18 51 16 26
<25% 1 44 1 44

Table 4. Bilirubin response according to pre-drainage bilirubin level by quartiles

Pre-drainage bilirubin quartile ranges N Median 30 days 60 days 90 days

Achieved TB 2 mg/dL P = 0.51
2.2–5.6 mg/dL 27 25 days 67% 75% 82%
5.7–10 mg/dL 26 32 days 47% 76% 88%
10–17.6 mg/dL 26 51 days 44% 73% 91%
18.4–37.4 mg/dL 27 55 days 17% 71% 100%
Achieved TB 5 mg/dL P = 0.0001
5.1–8.6 mg/dL 22 3 days 92% 92% 92%
8.7–13.7 mg/dL 22 7 days 89% 90% 90%
13.7–19.7 mg/dL 22 32 days 46% 80% 100%
19.8–37.4 mg/dL 22 40 days 48% 100% 100%
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cally significant association with survival, with a hazard
ratio of 1.04 [95% CI 1.01–1.07], p = 0.009. This is
equivalent to a 4% increased risk of death for every unit
increase in the baseline bilirubin.

Table 6 displays the results of Cox regression analysis
of time to bilirubin endpoints for the continuous variables
of pre-drainage bilirubin, creatinine, INR, and platelet
count. Pre-drainage bilirubin (HR 0.91, p < 0.001), INR
(HR 0.23, p = 0.036), and platelets (HR 1.003, p =
0.012) were significant predictors of time to achieve
bilirubin <5 mg/dL. Pre-drainage creatinine was not
associated with time to achieve bilirubin of 5 mg/dL
(p = 0.288). Pre-drainage bilirubin (p = 0.083), crea-
tinine (p = 0.675), INR (p = 0.809), and platelets (p =
0.085) were not significant predictors of time to achieve a
bilirubin <2 mg/dL.

Major complications occurred in 3.5% of patients
with a single mortality. The most common complications
were sepsis (1.9%) and bleeding (1.1%).

Discussion

Biliary obstruction is a common complication of GI
malignancies. Patients with biliary obstruction may
experience jaundice and pruritus, as well as an increased
risk of cholangitis, malabsorption, and progressive hep-
atocellular and renal dysfunction. While placement of an
endoscopic biliary stent is often preferred due to its lower
acute major complication rate relative to PBD [7–10],
patient anatomy or high bile duct obstruction may pre-
clude endoscopic drainage. In these cases, percutaneous
biliary drainage is performed [6].

Biliary drainage may be requested solely to lower
serum bilirubin to allow administration of chemother-
apy. Elevated serum bilirubin is a contraindication to
certain chemotherapeutic agents because diminished
hepatic clearance may alter drug metabolism and

increase risk of toxicity [1–5]. For example, 5-fluo-
rouracil, which is commonly used to treat bowel, stom-
ach, and pancreatic cancers, should not be administered
to patients with serum bilirubin levels greater than 5 mg/
dL [3]. Irinotecan is contraindicated in patients with
serum bilirubin levels greater than 2 mg/dL [6]. Other
agents requiring dose modifications include gemcitabine
and taxanes. For example, the dose of paclitaxel must be
reduced by 75% in patients with bilirubin levels greater
than or equal to 3 mg/dL [3]. Importantly, most clinical
trials require a normal serum bilirubin for enrollment.

Endoscopic stenting is often the initial approach to
manage biliary obstruction. A series from MD Anderson
Cancer Center, which included patients with both plastic
and metal endoscopic stents, reported that 93/156 (60%)
successfully stented patients achieved a serum bilirubin
<2 mg/dL, with 80% of responding patients reaching
this endpoint within 2–6 weeks [8]. In contrast, a recent
study of patients at Memorial Sloan-Kettering Cancer
Center undergoing PBD to decrease serum bilirubin for
administration of chemotherapy found that patients had
a probability of reaching a level of 1 mg/dL by 100 days
of only 31% [6]. The endpoint for this study was chosen
because some chemotherapeutic agents require a biliru-
bin level of 1 mg/dL for administration at full dose. Since
most commonly used agents can be administered at
bilirubin levels greater than 1 mg/dL, this is not a prac-
tical endpoint in the general oncologic population.

The goal of this study was to evaluate the ability of
percutaneous biliary drainage to lower serum bilirubin in
patients with malignant biliary obstruction. Serum
bilirubin levels of 2 and 5 mg/dL were chosen as the
endpoints because these are the levels above which
commonly used chemotherapeutic agents are con-
traindicated. This study revealed that the median times
to achieve bilirubin levels of 2 and 5 mg/dL (43 days and
21 days, respectively) were considerably shorter than the

Table 5. Overall survival according to pre-drainage bilirubin by quartiles

Pre-drainage bilirubin quartile ranges Overall survival median 30 days 60 days 90 days

P = 0.11
2.2–5.6 mg/dL 218 days 85% 73% 69%
5.7–10 mg/dL 118 days 89% 69% 57%
10–17.6 mg/dL 80 days 77% 61% 44%
18.4–37.4 mg/dL 30 days 50% 39% 35%

Table 6. Cox regression analysis of days to bilirubin of 2 or 5 mg/dL according to baseline labs

Pre-drainage Days to bilirubin £2 Days to bilirubin £5

# Pts HR P value # Pts HR P value

Bilirubin 106 0.96 0.083 88 0.91 <0.001
Creatinine 104 0.85 0.675 87 0.69 0.288
INR 100 0.84 0.809 84 0.23 0.036
PLTS 103 1.002 0.085 86 1.003 0.012
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median survival of the study population (100 days). This
result suggests that most patients undergoing this pro-
cedure will reach bilirubin levels adequate to permit
systemic chemotherapy.

Pre-drainage bilirubin level was a predictor of time
required to achieve a bilirubin level of 5 mg/dL. This
result was consistent with the findings of the Memorial
study which showed that the pre-drainage serum biliru-
bin level was associated with the probability of achieving
a serum bilirubin level of 1 mg/dL within 100 days [6].
However, in our study, even those patients with pre-
drainage bilirubin levels in the highest quartile (19.8–
37.4 mg/dL) had a median time to bilirubin of 5 mg/dL
of only 40 days. This result indicates that even patients
with the highest pre-drainage levels can achieve clinically
relevant bilirubin reduction.

In contrast, pre-drainage bilirubin was not a statisti-
cally significant predictor of time to achieve a bilirubin of
2 mg/dL. This result likely differs from that for the 5 mg/
dL endpoint because patients with modest bilirubin ele-
vations (lowest two quartiles) got to 5 mg/dL in a few
days, while the time needed to get down to 2 mg/dL was
longer for all quartiles. While there is a clear trend of
longer time to reach 2 mg/dL as baseline bilirubin in-
creases, the magnitude of difference among quartiles did
not reach statistical significance by the log rank test.

Pre-drainage INR and platelets were predictive of the
time to achieve a bilirubin level of 5 mg/dL but not
2 mg/dL. Because these values are markers of liver syn-
thetic function and portal hypertension, it would be rea-
sonable to conclude that patients with worse liver function
require more time to achieve bilirubin reduction. The
finding that INR is predictive of time to achieve bilirubin
reduction is consistent with previous studies [6, 8].

It is important to recognize important differences
between this cohort and the Memorial series which may
have contributed to the differences in outcomes [6]. Six-
ty-five percent of patients in our cohort had common
duct obstruction, making drainage of the entire liver
possible with a single catheter or stent, versus only 48.5%
in the Memorial series. Seventy-eight percent in our
series had >75% of the liver drained, versus only 48% of
the Memorial patients. The higher prevalence of hilar
and intrahepatic obstruction likely contributed to the
inability to drain the majority of the liver in the majority
of patients in the Memorial series, which may account
for the lesser reported efficacy in correcting hyper-
bilirubinemia.

The MD Anderson endoscopic stent series found that
pre-drainage bilirubin level was predictive of rate of
bilirubin reduction to 2 mg/dL [8]. Eighty percent of
patients with a pre-drainage bilirubin <10 mg/dL
achieved a bilirubin of 2 mg/dL by 2.7 weeks, while for
those with an initial bilirubin >10 mg/dL it took
5.6 weeks for 80% to reach that endpoint. This study also
found that patients with multiple biliary strictures and

those with strictures proximal to the CBD treated
endoscopically were less likely to achieve the endpoint
than those with distal strictures. Because neither pre-
drainage bilirubin level nor stricture location were sig-
nificant predictors of success among our patients
undergoing PBD, it may be reasonable to consider PBD
over ERCP in patients with obstructions proximal to the
CBD or high pre-drainage bilirubin levels, even if ERCP
can technically be performed. Studies comparing PBD to
endoscopic stenting in patients with Klatskin tumors also
suggest higher technical and clinical success rates for
PBD in a population with proximal obstructions [11, 12].

In contrast to the Memorial series, this study did not
find that percent of liver drained was associated with
time to bilirubin endpoints, which was unexpected.
However, given that the majority of patients undergoing
PBD at our institution have 100% liver drainage, any
difference in outcomes based on drainage level may not
be clinically apparent.

Our study found that metallic stents resulted in
quicker bilirubin reduction to 5 mg/dL than drains. Be-
cause stent or drain selection was influenced by charac-
teristics of the patient’s obstruction, and the radiologist’s
selection of a stent reflected the fact that an obstruction
was distal and could be easily traversed, we do not feel
these results necessarily reflect improved drainage with
stents than with drains. However, it is important to note
that metal stents have longer patency than internal/ex-
ternal biliary drainage catheters [13], and a greater
number of catheter exchanges are associated with in-
creased probability of bile spillage and cancer dissemi-
nation [14]. Therefore, we generally favor stent
placement over drain insertion in patients who are
appropriate candidates.

Although this study demonstrates that PBD can
successfully lower bilirubin in patients with malignant
biliary obstruction, it is important to note that for only
35% of patients was administration of chemotherapy the
indication for PBD. Most patients underwent the pro-
cedure for indications such as pruritus, nausea-associ-
ated jaundice, or suspected cholangitis. Among these
patients for whom chemotherapy was not the primary
indication for PBD, 38% were eventually treated with
chemotherapy. In those patients for whom the indication
was chemotherapy administration, 27% ultimately re-
ceived chemotherapy. The decision to undergo
chemotherapy for incurable malignancies is clearly a
personalized one and depends upon many factors
including performance status, age, co-morbidities, and
cultural influences. It would be interesting to know why
patients who undergo PBD do not ultimately receive
chemotherapy despite reaching an acceptable bilirubin
level. Such a study would be difficult because most sys-
temic therapy is administered in the outpatient setting in
the patient’s home community. Inpatient medical records
from the time of biliary drainage do not indicate future

322 J. L. Levy et al.: Biliary drainage for chemotherapy



chemotherapeutic agents or any changes made to a
treatment plan based on PBD outcomes.

Although PBD is successful in most patients, it is
important to note that the procedure has a significant
complication rate. The SIR Clinical Practice Guidelines
suggest a threshold for all major complications (sepsis,
hemorrhage, inflammatory/infection, pleural complica-
tion, and death) of 10% for all patients undergoing PBD
[15]. A previous study found that PBD in patients with
malignant obstruction had a 3.4% rate of major com-
plications, very similar to the 3.5% rate observed in our
study [6]. This value is well within the range of accept-
able major complication rates. Of course, each individual
patient must be evaluated for risk factors (such as
coagulopathy) that could increase the complication rate.
Patients with deranged clotting would not only be at
higher risk for complications as a result of PBD, but also
less likely to achieve adequate bilirubin reduction and
less suitable candidates for chemotherapy should they
achieve the desired serum bilirubin level. The risk:benefit
ratio should be considered in the context of expected
survival. While patients in the highest quartile may
achieve a low enough bilirubin to receive chemotherapy,
the majority succumb to their disease before this occurs.

Our study found a statistically significant association
between pre-drainage bilirubin level and survival. This
result may simply reflect the fact that patients with higher
pre-drainage bilirubin levels have more advanced cancer
and therefore have shorter life expectancies. However,
another explanation is that liver impairment caused by
the obstruction (and measured by serum bilirubin) has-
tens death. It is likely that both of these explanations are
at play. The latter underscores the importance of treating
obstructive biliary disease as soon as possible to prevent
further liver damage.

Limitations of this study include the retrospective
design and the limited sample size relative to the hetero-
geneity of the study population, reflecting multiple cancer
types, levels of obstruction, and drainage devices.
Nonetheless, the results overall demonstrate that PBD of
malignant obstruction achieves clinically relevant reduc-
tion in serum bilirubin in the majority of patients within
1–2 months, irrespective of thepre-drainage serumbilirubin.
PBDcanbe employed effectively for reductionofbilirubin to
allow administration of systemic chemotherapy.
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