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8Transarterial Chemoembolization 
with Degradable Starch 
Microspheres (DSM-TACE)

Timo Alexander Auer and Federico Collettini

8.1	� Introduction

Since its introduction more than 30  years ago, 
transarterial chemoembolization (TACE) has 
become a widely accepted locoregional therapy 
for the palliative treatment of liver cancer. TACE 
can be performed with a variety of embolic and 
chemotherapeutic agents, and despite widespread 
clinical use, there is an ongoing debate about dif-
ferent TACE protocols and how best to deliver the 
therapy. Currently, two TACE techniques are 
mainly used in clinical routine: conventional 
TACE (cTACE) and drug-eluting bead TACE 
(DEB-TACE). In cTACE, the chemotherapeutic 
drug is administered intra-arterially using iodized 
oil as a drug carrier, and the vessels supplying the 
tumor are subsequently mechanically embolized 
with spherical or nonspherical embolic agents. 
Conversely, DEB-TACE relies on the intra-arterial 
injection of drug-loaded microspheres that slowly 
release the cytotoxic drug into the tumor while at 
the same time embolizing its feeding vessels per-
manently. A less well-known TACE regimen is 
degradable starch microsphere (DSM) transarte-
rial chemoembolization (DSM-TACE), a tech-
nique based on the use of degradable microspheres 

produced from hydrolyzed potato starch as a tem-
porary embolic agent. What distinguishes DSM-
TACE from other TACE techniques is the fact that 
as DSM are enzymatically degraded by blood 
amylases after a half-life of about 40  min (for 
microspheres 50  μm in diameter), the vascular 
occlusion obtained with this agent is transient. 
DSM-TACE thus combines high local drug deliv-
ery with a reduced risk of systemic toxicity while 
increasing the safety profile of the procedure by a 
short ischemia time and low vessel occlusion rate. 
Hence, DSM-TACE can be administered more 
unselectively than cTACE or DEB-TACE, making 
it especially suitable as a therapeutic alternative 
for patients with multifocal hepatic disease [1–5].

Historical Notes and Pharmacokinetics 
of DSM
Originally developed for scintigraphic imaging 
of pulmonary emboli in the early 1970s, degrad-
able starch microspheres were found to be well 
tolerated when administered intravenously. 
Available toxicological data suggest that DSM do 
not directly induce any adverse reaction per se. 
The toxicity observed after coadministration with 
cytostatic agents like cisplatin, doxorubicin, or 
mitomycin is similar to that encountered when 
applying the chemotherapeutic agent alone, with 
the exception of enhanced liver toxicity, which is 
part of the desired therapeutic effect.

DSM are produced by means of polymeriza-
tion from hydrolyzed potato starch, cross-linked, 
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and substituted with glycerol ether groups. This 
process results in a polymerized matrix, which 
has no chemical name of its own but has a com-
plex structure well suited for transient emboliza-
tion of arterial blood flow. DSM are degraded 
enzymatically by the body’s own serum alpha-
amylase. The total time of occlusion is hence 
indirectly proportional to the individual amount 
of alpha-amylase in plasma [6]. The half-life 
under physiological conditions at 37 °C and pH 7 
ranges between 35 and 50  min. After approxi-
mately 2  h, particles are completely dissolved. 
The accumulating glucose monomers are dis-
mantled and eliminated by the body’s reticulo-
cytic and excretory systems. Commercially 
available DSM (e.g., EmboCept® S, PharmaCept, 
Berlin, Germany) come in 20-ml bottles contain-
ing a sterile and clear solution consisting of 
450  mg Amilomer, DSM 35/50, and 7.5  ml 
sodium chloride (60 mg/ml). DSM particles have 
a mean diameter of 50 μm with 75% of micro-
spheres ranging in diameter from 20 to 200 μm.

8.2	� Pharmacodynamics 
and Mechanism of Action 
of DSM

DSM are used to achieve blood flow reduction 
and transient vascular occlusion in the peritu-
moral blood vessels during coadministration of 
cytotoxic drugs. The effects of intra-arterial 
administration of DSM on blood flow have been 
investigated in numerous preclinical and clinical 
studies. Furthermore, several authors have 
explored how the altered blood flow induced by 
DSM affects the regional and systemic delivery 
of the co-injected drug.

8.2.1	� DSM-Induced Blood Flow 
Reduction and Transient 
Vascular Embolization

One of the first studies investigating intra-arterial 
DSM was published in 1978 by Forsberg and col-
leagues. Forsberg et  al. studied the effects of 
intra-arterial DSM injection into the femoral and 

superior mesenteric artery on blood flow in the 
hind feet and intestine of rats. Using tracer micro-
spheres and electromagnetic flow measurement, 
they demonstrated that after DSM infusion, blood 
flow in the hind feet and small intestine rapidly 
declined to near zero and later returned to levels 
in control animals [6]. Thulin et  al. performed 
preoperative electromagnetic measurement of 
hepatic arterial flow in 10 patients with primary 
or secondary liver and demonstrated that hepatic 
arterial blood flow could be reduced in a dose-
dependent manner by a mean maximum of 67% 
following DSM injection [7]. Wiggermann et al. 
explored the transient embolizing effect of DSM-
TACE using contrast-enhanced ultrasound quan-
titative perfusion analysis in six patients with 
hepatocellular carcinoma (HCC). Compared to 
baseline parameters, they observed a significant 
reduction in peak regional blood volume and 
regional blood flow immediately after DSM-
TACE in all cases. Over time, a stepwise revascu-
larization of the treated lesions was documented: 
90 min after embolization, perfusion parameters 
were not significantly different from pre-
embolization values [8].

A recent study addressed a central question 
concerning the therapeutic effect of the transient 
embolization achievable with DSM: Is a tran-
sient embolization sufficient to induce necrosis 
of the target tumor and thus inhibit its growth? 
Ziemann and colleagues analyzed the effect of 
three different agents routinely used in the set-
ting of TACE on tumor growth in a rat model of 
colorectal liver metastases. The rats were ran-
domized into four groups treated with intra-
arterial infusion of either DSM (size: 35–70 μm; 
dose: 6.43  mg/kg body weight), PVA micro-
spheres (size: 70–150  μm; dose: 0.14  ml/kg 
body weight), iodized oil (size: 2–3 μm; dose: 
0.15  ml/kg body weight), or saline (control 
group). Tumor growth was assessed by three-
dimensional ultrasound on days 8 and 11, fol-
lowed by histological and immunohistochemical 
analysis of tumor necrosis on day 11. In this 
experiment, both PVA microspheres and DSM 
completely inhibited tumor progression while 
iodized oil did not significantly affect tumor 
growth. Immunohistochemical analysis revealed 
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significantly larger necrotic areas within the 
tumors after administration of DSM and PVA 
microspheres compared with iodized oil [9].

8.2.2	� Regional and Systemic 
Delivery 
of the co-Injected Drug

Teder et al. investigated the effects of DSM on 
hepatic arterial blood flow in rats by means of a 
regionally injected marker, 99mTC-methylene 
diphosphonate (99mTc-MDP), and showed that 
compared to injections of pertechnetate only, 
the integrated exposure of the liver to pertech-
netate was increased by a factor of 1.4–2.4 
when microspheres were added [10]. In a clini-
cal study published in 1982, Dakhil and col-
leagues injected DSM into the hepatic artery of 
patients with primary and metastatic liver can-
cer to assess whether transient vascular occlu-
sion at the level of the arteriolar capillary bed 
would enhance regional uptake and decrease 
systemic exposure to simultaneously adminis-
tered hepatic arterial bischlorethylnitrosourea 
(BCNU). Following intra-arterial DSM injec-
tion, hepatic arterial flow was transiently sub-
stantially reduced or stopped in all patients. 
When BCNU was given with microspheres, 
there was a 30–90% reduction in systemic 
nitrosourea exposure and in peak levels. Dakhil 
et  al. thus demonstrated that concurrent intra-
arterial injection of DSM and BCNU might 
have the potential to enhance selective regional 
drug effects while at the same time markedly 
reducing systemic toxicity [11]. Along this line, 
several authors have explored the use of DSM 
to increase the effectiveness of intra-arterial 
chemotherapy. The results of these studies 
show that in the presence of drastic blood flow 
reduction and transient vascular occlusion 
induced by DSM, the dwell times of co-injected 
drugs are prolonged within the injected area, 
creating a steep drug concentration gradient 
between the arteries and the target tissue with a 
selectively increased uptake of the co-injected 
drug into liver tumors compared with normal 
liver tissue [12].

8.2.3	� Further Effects of DSM-
Induced Transient 
Embolization: TACE and VEGF 
Expression

The combination of targeted administration of a 
chemotherapeutic drug at high concentration 
and induction of ischemia by embolization of 
tumor-feeding vessels is the key mechanism of 
TACE [13]. Local tumor hypoxia induced by 
TACE leads to a sequence of adaptive changes 
in the transcription and expression of hypoxia 
response genes in tumor cells aimed at counter-
acting or reversing hypoxia [14]. Hypoxia 
response genes are primarily regulated by 
hypoxia-inducible factor-1α (HIF-1α), which 
triggers expression of vascular endothelial 
growth factor (VEGF) and promotes neovascu-
larization [15, 16]. Newly formed aberrant 
tumor blood vessels, characterized by structural 
and functional defects, further aggravate 
hypoxia and thereby form a vicious cycle 
thought to play a key role in tumor growth and 
metastatic seeding [16–18]. In the context of 
TACE, these biological countermeasures have 
the potential to interfere with the ultimate inten-
tion of anticancer treatment. In fact, studies 
have shown that the transient overexpression of 
VEGF after a single session of TACE is associ-
ated with future distant metastases, especially 
located in the lung or bones, and consequently 
with a shorter progression-free survival (PFS) 
[16, 19–22]. Furthermore, the peak of serum 
VEGF after TACE has been shown to be an 
independent prognostic factor of progression-
fee survival (PFS) in HCC [23]. Schicho and 
colleagues compared serum VEGF levels in 
response to TACE with different embolic agents 
in 22 patients with HCC.  In this prospective 
study, patients were assigned to one of three dif-
ferent TACE regimens (cTACE, DEB-TACE, 
and DSM-TACE), all performed with the same 
cytostatic drug (50  mg doxorubicin/m2 body 
surface area (BSA)). Serum VEGF levels were 
assessed before TACE treatment as well as 24 h 
and 4 weeks after treatment. Compared to base-
line, a marked increase in VEGF levels was 
observed 24 h after cTACE (164% of baseline 
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level) and at 4-week follow-up (170% of base-
line level). Increases in serum VEGF levels 
were 114% and 123% following DEB-TACE 
and 121% and 124% for DSM, respectively. The 
authors conclude that conventional TACE using 
Lipiodol is associated with a marked increase in 
blood levels of the proangiogenic factor VEGF 
while DEB-TACE and DSM-TACE induce only 
a moderate VEGF response [16].

8.3	� Patients and Technique

8.3.1	� Patient Selection

DSM are intended for combined use with che-
motherapeutic agents to escalate effectivity by 
increasing the retention time of the co-injected 
agents in the targeted liver. Like other TACE 
techniques, DSM-TACE can be used in patients 
with primary or metastatic liver cancer not ame-
nable to curative treatments. Regarding the 
treatment of hepatocellular carcinoma, guide-
lines from all over the world (AASLD, EASL, 
APASL, and ESMO) endorse the use of TACE 
for HCC in patients with intermediate-stage dis-
ease, defined as multinodular disease confined 
to the liver in asymptomatic patients (perfor-
mance status of 0), Child–Pugh class A or class 
B cirrhosis with no decompensation, and 
absence of portal vein invasion or extrahepatic 
spread [24–27]. Absolute and relative contrain-
dications are similar to those of cTACE and 
DEB-TACE and include impaired liver func-
tion, uncorrectable coagulopathies (INR >1.5; 
aPTT >50 s; <50,000 thrombocytes), and renal 
failure (serum creatinine >2  mg/dl). Relative 
contraindications for DSM-TACE include 
chronic cardiac insufficiency (NYHA III–IV), 
acute coronary syndrome (ACS), and exophyti-
cally growing tumors. Partial or complete 
thrombosis of the main portal vein is often clas-
sified as an exclusion criterion for chemoembo-
lization. Portal vein thrombosis appears to be 
less of a concern for DSM-TACE due to the 
transient embolization and the shorter ischemia 
time [28].

8.3.2	� DSM-TACE Technique

The goal of DSM-TACE is to achieve blood flow 
reduction and transient vascular occlusion in the 
peritumoral blood vessels to minimize systemic 
exposure to the co-injected cytotoxic drug. Due 
to the wide variation in number, size, and vascu-
larity of liver tumors from one patient to the next, 
the dose of DSM has to be adapted individually. 
Complete stasis of blood flow should be avoided 
as this carries an increased risk of backflow into 
extrahepatic vascular territories. Hence, to per-
form DSM-TACE safely, angiographic monitor-
ing during drug administration is crucial.

Angiographic techniques vary among institu-
tions. Herein, we describe the angiographic 
technique as performed at our institution. In 
most patients, vascular access is gained through 
puncture of the common femoral artery in the 
right or left groin; however, alternative vascular 
access through the left radial or brachial artery 
may be used if this makes catheterization of the 
hepatic artery easier. Following arterial punc-
ture using the Seldinger technique, a 4−/5-F 
angiographic sheath is introduced. After cathe-
terization of the celiac trunk and the superior 
mesenteric artery using a diagnostic catheter, 
selective angiography of the aforementioned 
vessels is performed to accurately characterize 
the vessels supplying the liver. Subsequently, a 
coaxial microcatheter system is advanced 
beyond the branching of the gastroduodenal 
artery and positioned in the tumor-supplying 
branches of the hepatic artery. Unlike the classic 
TACE procedures, where the embolic agent has 
to be delivered as close as possible to the tumor 
(superselective embolization), DSM-TACE can 
be performed more unselectively in a lobar fash-
ion way by placing the microcatheter in either 
the left or right hepatic branch. However, even 
for lobar administration, the use of a microcath-
eter is preferred to reduce the risk of vasospasm 
and arterial dissection. Once correct positioning 
of the microcatheter has been confirmed, the 
mixture of chemotherapeutic agent, DSM, and 
contrast agent is administered under constant 
angiographic control.
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Degradable starch microspheres should be 
mixed with a ready-to-use solution of active 
substance and contrast agent. In HCC patients, 
DSM-TACE is performed using a mixture of 
50  mg doxorubicin diluted in a saline solution 
with a total volume of 25 m the interval between 
injections to optimize the administered dose. 
Even if complete vascular occlusion occurs, 
treatment should not be discontinued, due to the 
risk of backflow and nontarget embolization. 
When DSM-TACE is performed less selectively 
(treatment of entire lobar or major segments), the 
endpoint of embolization should be a “tree-in-
the-winter” appearance with occlusion of small 
tumor-feeding vessels but preservation of flow in 
the major lobar and segmental arteries. After 
therapy delivery, a digital subtraction angiogra-
phy (DSA) is performed to confirm devascular-
ization of target lesions and patency of the large 
vessels in the treated area. DSM-TACE is most 
effective when the procedure is performed in 
repeated treatment sessions. At our institution, 
DSM-TACE is repeated at 4- to 6-week intervals 
until complete disappearance of arterial enhance-
ment is seen. In case of bilobar tumor spread in 
patients in whom deterioration of hepatic func-
tion is feared, the lobe with higher tumor burden 
is treated first, followed by the contralateral lobe. 
In the latter case, it is preferable to reduce the 
interval between the two sessions to 2 weeks if 
possible. Follow-up imaging is routinely per-
formed using contrast-enhanced magnetic reso-
nance imaging (MRI) or contrast-enhanced 
computed tomography (CT) in patients with con-
traindications to MRI.

8.4	� Clinical Results and Safety

Recent experience suggests that this technique is 
particularly suitable for treating patients with 
more advanced HCC or with multifocal disease 
not amenable to superselective treatment [1–5]. 
DSM-TACE has also been tested for the pallia-
tive treatment of patients with unresectable or 
recurrent intrahepatic cholangiocarcinoma 
(iCCA) as well as for patients with chemotherapy-
refractory liver metastases from colorectal cancer 

[29–31]. Alongside these studies, there are also 
reports in the literature on the use of DSM-TACE 
in rare entities like liver metastases from uveal 
melanoma, breast cancer, renal cell carcinoma, 
and neuroendocrine tumors [32–35].

8.4.1	� Primary Liver Cancer

8.4.1.1	� HCC
As already mentioned, different guidelines 
endorse the use of TACE in patients with 
intermediate-stage disease while especially 
DSM-TACE may also be an option in more 
advanced disease [3, 5, 24–27]. A recently pub-
lished study by Orlacchio and colleagues evalu-
ated the safety and efficacy of DSM-TACE in a 
large clinical population of 137 patients with 
unresectable HCC who underwent a total of 267 
DSM-TACE procedures. Major complications 
occurred in only 6.8% of all procedures. 
According to mRECIST (modified Response 
Evaluation Criteria in Solid Tumors), a high 
objective response rate was obtained (84.3% of 
patients showed complete or partial responses), 
and the median time to progression was 
12 months with an OS of 36 months. Of note, 20 
patients in the study had BCLC stage C HCC 
[36]. In another recently published study, Iezzi 
and colleagues investigated DSM-TACE treat-
ment in 40 consecutive BCLC stage B or C 
patients with intermediate or locally advanced 
stage HCC who dismissed or were ineligible for 
sorafenib. While technical success was achieved 
in all patients, no liver failure or systemic toxicity 
was reported. Progression-free survival (PFS) 
was 6.4  months and the median OS was 
11.3 months [3]. These results have been corrob-
orated in a study of Haubold and colleagues, 
who investigated DSM-TACE in non-resectable 
HCC patients ineligible for other systemic or 
locoregional therapies. DSM-TACE was per-
formed successfully in 28 patients. At control 
imaging after three DSM-TACE procedures, the 
rates of complete response (CR), partial response 
(PR), stable disease (SD), and progressive dis-
ease (PD) were 14.3%, 25%, 39.3%, and 21.4%, 
respectively. With a good OS of 682  days, the 
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authors also conclude that DSM-TACE is a safe 
and promising treatment alternative. A selection 
of further studies in line with the results just out-
lined is provided in the table below (Table 8.1) 
[1–5, 36–41].

8.4.1.2	� Intrahepatic 
Cholangiocarcinoma

Intrahepatic cholangiocarcinoma (iCCA) is the 
second most common primary liver malignancy 
after hepatocellular carcinoma, and its incidence 
and mortality have risen globally in the past 
decades [42]. Despite substantial advances in 
diagnosis and treatment, the prognosis of patients 
with iCCA remains poor [42]. This is mainly due 
to the fact that at the time of initial diagnosis, 
only about 20% of patients are amenable to surgi-
cal resection, the only potentially curative treat-
ment option for iCCA [43]. Despite a low level of 
evidence, locoregional therapies have shown 
promising results in the treatment of selected 
patients with unresectable or recurrent disease 
[44]. TACE of iCCA has been investigated in sev-
eral, mostly retrospective, studies using various 
chemotherapeutic agents. In a recently published 
systematic meta-analysis of 13 studies (906 
patients), pooled median survival after TACE 
was 14.2 months [45].

Two studies on the use of DSM-TACE in 
patients with unresectable iCCA have been pub-
lished. Georg et al. reported their experience with 
a multi-agent (cisplatin/doxorubicin/mitomycin 
C) DSM-TACE protocol in a population of 21 
patients with either unresectable iCCA progres-
sive under systemic chemotherapy or unresect-
able intrahepatic tumor recurrence after prior 
major liver resection. The reported objective 
response rate was 61.1% and the reported disease 
control rate 100%. Median overall survival was 
13.3 months with similar results in patients with 

primary unresectable, therapy-refractory disease 
(13.2  months) and patients with intrahepatic 
recurrence after prior liver resection (12.5 months) 
(Table 8.2) [30].

8.4.2	� Secondary Liver Cancer

8.4.2.1	� Colorectal Cancer Liver 
Metastasis

Colorectal cancer (CRC) is one of the most 
common cancers worldwide, ranking third in 
terms of incidence and second in terms of can-
cer-related death [46]. The liver is the most 
common site of colorectal cancer metastasis. 
Approximately 20% of patients with CRC pres-
ent with concomitant liver metastasis at initial 
diagnosis while another 50% develop liver 
metastasis within the first 3 years after diagnosis 
[47]. Surgery offers the best chance of cure for 
patients with colorectal liver metastases 
(CRLM); however, only 10–25% of all patients 
with CRLM are amenable to surgical resection 
[48]. Locoregional treatments have proven to be 
a useful therapeutic strategy in patients with 
unresectable CRLM. TACE has been identified 
as a suitable treatment option for patients with 
CRLM in a neoadjuvant, symptomatic, or palli-
ative setting [31, 49–53]. One of the first studies 
investigating the use of DSM-TACE in the man-
agement of CRLM was published in 2013 by 
Nishiofuku and colleagues. The authors reported 
the results of a phase I/II trial of DSM-TACE 
with cisplatin powder in 24 patients with unre-
sectable CRLM progressing after FOLFOX 
(5-flourouracil, leucovorin plus oxaliplatin) 
chemotherapy. In phase II, the tumor response 
rate was 61.1%, and median overall survival 
was 21.1 months [54]. In a recent prospective, 
randomized, single-center trial, Vogl et al. com-
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Table 8.2  Most important studies of DSM-TACE in the treatment of iCC

Authors (year) n Design Aim Conclusion/major results
Georg et al. (2019) 21 Single center

Retrospective
Efficacy and complication 
rates of DSM-TACE in 
unresectable iCC

DSM-TACE is an effective 
treatment for unresectable and 
otherwise therapy-refractory iCC.

Schicho et al. (2017) 7 Multicenter
Retrospective

Safety and efficacy of 
DSM-TACE in the treatment 
of iCC

44% disease control. The use of 
DSM as an embolic agent for 
TACE is safe in the treatment of 
ICC.

Table 8.3  Most important studies of DSM-TACE in the treatment of CRLM

Authors (year) n Design Aim Conclusion/major results
Vogl et al. (2021) 31 Single center

Prospective
Randomized

To evaluate the therapy 
response of third-line TACE 
with DSM or Lipiodol in the 
treatment of CRLM using 
MRI

DSM-TACE achieved 
significantly better outcomes 
than cTACE in terms of tumor 
volume reduction and tumor 
response according to 
RECIST 1.1.

Gruber-Rouh 
et al. (2014)

564 Single center
Retrospective

To evaluate the therapeutic 
efficacy in patients with CRC 
liver metastases treated with 
TACE (DSM-TACE i.a.)

TACE is a therapy option for 
controlling local metastases 
and improving survival time 
in patients with hepatic 
metastases from CRC.

Nishiofuku et al. 
(2013)

24 Phase I/II single-
center, single-arm, 
open-label trial

Determination of the 
recommended cisplatin 
powder dose and assessment 
of the efficacy and safety of 
the procedure

DSM-TACE with cisplatin 
powder at a dose of 80 mg/m2 
is well tolerated and can 
produce a high response rate 
with a long survival time for 
patients with unresectable 
CRLM after failure of 
FOLFOX.

pared the therapy response of third-line cTACE 
(n  =  13) versus DSM-TACE (n  =  18) in 31 
patients with CRLM.  In this first prospective 
study directly comparing cTACE and DSM-
TACE in patients with CRLM, DSM-TACE 
showed significantly better results in terms of 
tumor volume reduction (p = 0.006) and tumor 
response according to RECIST 1.1 (p = 0.047) 

compared with cTACE [31]. Please find a list of 
studies in Table 8.3 [31, 49, 54].

Other Entities
Experience with DSM-TACE in the treatment of 
other entities is based on relatively limited 
single-center experiences; a selection of studies 
is compiled in Table 8.4 [33, 55–59].
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8.5	� Conclusions

•	 DSM is a short-acting, nonpermanent embolic 
agent and therefore can be administered 
unselectively.

•	 DSM-TACE is a safe and easy to perform 
interventional procedure and a useful thera-
peutic alternative for patients with multifocal 
HCC.

•	 Other indications for DSM-TACE are neoad-
juvant, symptomatic, and palliative treatment 
of locally extensive or disseminated ICC or 
CRLM.

•	 While DSM-TACE should be suitable for 
nearly any patient with disseminated meta-
static liver disease, evidence is still limited, 
except for CRLM, and published data are 
mostly based on monocentric studies with 
limited patient numbers.
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