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Abstract

No systematic synthesis of all cases of spontaneous tumor lysis syndrome (STLS) in adult patients with solid tumors is
available to date. Herein, we aim to recognize specific STLS characteristics and parameters related to a worse prognosis.
We conducted a systematic search for randomized controlled trials, cohorts, case-control studies, and case reports. The
primary endpoints were death and the need for renal replacement therapy (RRT) due to STLS. We estimated crude odds
ratios (ORs) with 95% confidence intervals (95%CI) via univariate binary logistic regression. We included one cohort of 9
patients and 66 case reports of 71 patients [lung cancer 15(21.1%)]. Regarding the case reports, most patients [61(87.1%)]
had metastatic disease [liver 46(75.4%)], developed acute kidney injury [59(83.1%)], needed RRT [25(37.3%)], and died
due to STLS [36(55.4%)]. Metastatic disease, especially in the liver [p=0.035; OR (95%CI): 9.88 (1.09, 89.29)] or lungs
[p=0.024; 14.00 (1.37, 142.89)], was significantly associated with STLS-related death compared to no metastasis. Cases
resulting in death had a significantly higher probability of receiving rasburicase monotherapy than receiving no urate-
lowering agents [p=0.034; 5.33 (1.09, 26.61)], or the allopurinol-rasburicase combination [p=0.023; 7.47 (1.40, 39.84)].
Patients receiving allopurinol were less likely to need RRT compared to those not receiving it or those receiving rasburi-
case. In conclusion, current anecdotal evidence demonstrated that metastatic disease, especially in the liver and lungs, may
be associated with STLS-related death compared to no metastatic status. Careful surveillance of high-risk cases within
larger studies is essential to identify markers predicting morbidity or mortality.
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Introduction

Tumor lysis syndrome (TLS) is a common oncological
emergency and is caused by the massive lysis of tumor cells
mediated by anticancer therapies or spontaneous cellular
death in rapidly dividing tumors [1, 2]. The rapid lysis leads
to massive efflux of intracellular potassium, phosphorus,
and uric acid into the circulation, and subsequent electro-
lyte abnormalities including hyperkalemia, hyperuricemia,
hyperphosphatemia, and secondary hypocalcemia, that may
require renal replacement therapy (RRT) to be recovered [1,
2]. TLS typically occurs in patients with leukemias (espe-
cially acute lymphoblastic leukemia), lymphomas (chiefly
non-Hodgkin’s), and less commonly in cases with certain
types of solid tumors, such as hepatoblastoma, neuroblas-
toma, and melanoma [1-4]. However, recent advances in
oncological treatments have led to greater responses in
high-burden solid tumors sensitive to cytotoxic agents and
an increase in the incidence of TLS even in those rarely
associated with this syndrome [1, 2, 4-6]. Despite this
increase, the incidence of TLS in cases with solid tumors
remains lower than in those with hematological malignan-
cies [1, 2, 4].

In cases with solid tumors, the syndrome is usually
induced by the administration of chemotherapeutic drug
combinations, chemoembolization, radiotherapy, radio-
frequency ablation (RFA), immune checkpoint inhibitors,
monoclonal antibodies, or even corticosteroids - the lat-
ter more commonly reported in cases with hematological
malignancies [3, 4, 6, 7]. Even less frequently, TLS may
emerge in patients without recent exposure to any of the
above therapeutic agents or approaches. In this setting, it is
characterized as spontaneous TLS (STLS) [2, 8]; and more
reports have linked the “STLS” in solid tumors with prior
biopsies and oncological surgeries [8].

To date, the vast majority of available evidence on STLS
is derived from hematological malignancies [3, 9] while in
cases with solid tumors, TLS has been mainly attributed to
previous oncological treatments [6, 10], and its spontane-
ous presentation is even less studied. This scoping review
aims to explore the diagnostic characteristics, the clinical
and laboratory presentation findings, as well as the manage-
ment, and the prognosis of patients with solid tumors that
developed STLS. In addition, any potential associations of
examined variables with STLS-related death or hemodialy-
sis will be investigated.

@ Springer

Methods
Study design and protocol registration

This scoping literature review was conducted in line with
the extension for Scoping Reviews of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) [11]. The protocol was preregistered with Open
Science Framework (OSF preregistration: https://doi.
org/10.17605/OSF.IO/FWTZP, August 19, 2022).

Eligibility criteria

Eligible were considered adult patients (> 18 years) with
non-hematological/solid malignancies developing labora-
tory STLS (LSTLS) as per Cairo-Bishop criteria (i.e., at
least two identified abnormalities in the serum concentra-
tions of potassium, phosphorus, uric acid, and calcium)
[12]. The laboratory definition of TLS was preferred to
avoid the exclusion of initially asymptomatic cases [8].
Spontaneous cases were considered those without prior
recent exposure to chemotherapy/radiation, locoregional
anti-cancer treatments (e.g., chemoembolization, RFA),
immune checkpoints inhibitors/monoclonal antibodies, and
hormonal agents (in case of hormone-dependent cancers).
After an explicit search of the relevant literature, we were
unable to identify specific cut-off time points after the last
administration of responsible agents that define the spon-
taneous character of the TLS. The Cairo-Bishop diagnos-
tic criteria of non-spontaneous TLS generally require the
presence of laboratory abnormalities within 3 days before
or 7 days after the cytotoxic treatment [12]. Therefore,
TLS was characterized as spontaneous only when labora-
tory diagnosis was confirmed at least one month after the
last administration of the responsible cytotoxic agent. This
interval was used to ensure the spontaneous nature of the
syndrome even in case of bias associated with the retrospec-
tive design, expecting that most of the included literature
would consist of anecdotal case reports/series [6, 13]. Inci-
dents of TLS accompanied by recent prior exposure to inva-
sive procedures like biopsies have been included. Although
tumor biopsy has been linked with STLS in solid tumors on
an anecdotal basis [6, 8], it is not clearly reported whether
it is performed or not, even by relevant case reports (i.e.,
not reporting of a tumor biopsy cannot guarantee that was
not performed). Cases of prior recent exposure to cortico-
steroids were excluded from the primary analyses and were
only included in supplementary sensitivity analyses, con-
sidering that their potential for inducing TLS has been bet-
ter described in the context of hematological malignancies
rather than solid tumors [8§].
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We included studies that reported on parameters belong-
ing to at least one of the 4 outcome axes:

a. Tumor-related data [i.e., primary site, histological sub-
type, and grading, duration between the initial diagnosis
and STLS emergence, treatment for the primary site (as
a potential decrease in tumor burden), duration between
last exposure to triggering factors and TLS diagnosis,
stage of disease, tumor size (i.e., largest transverse
dimension), metastatic disease (yes/no) and metastatic
site(s)];

b. STLS-related characteristics including potentially trig-
gering agents (i.e., other than classic cytotoxic antican-
cer agents or previously described tumoricidal agents),
clinical presentation [i.e., Cairo-Bishop grade of clini-
cal STLS (CSTLS) [2, 12] divided into “no CSTLS
but present LSTLS”, “mild CSTLS” (i.e., grade 1-2)
and “severe CSTLS” (i.e., grade 3—4; patients that
reached grade 5 were classified according to the grade
of CSTLS on presentation, before dying due to the syn-
drome)], laboratory results at the time of diagnosis of
LSTLS [e.g., urea/blood urea nitrogen (BUN), serum
creatinine (SeCr), uric acid, potassium, phosphorus,
calcium, sodium, white blood cell count (WBC), lactate
dehydrogenase (LDH)], and subsequent complications
(e.g., cardiac arrhythmia, new-onset seizures, acute kid-
ney injury [2], and symptomatic hypocalcemia);

c. Management of STLS and its related complications [i.e.,
administration of allopurinol, febuxostat, and/or rasbu-
ricase and other supportive medications (e.g., rehydra-
tion, and management of electrolyte imbalance)] [1, 2];

d. Prognosis of STLS [i.e., need for RRT, case-fatality
rate/death due to STLS, all-cause death, recurrence].
Death due to STLS (yes/no) was defined as death dur-
ing admission for STLS and caused by the syndrome’s
manifestations or direct complications.

We considered death or the need for RRT due to STLS as
primary outcomes and the rest as secondary.

Published randomized controlled trials (RCTs), prospec-
tive/retrospective cohorts, case-control studies, case series,
or case reports written in English, German, or French were
considered eligible.

Search strategy and study selection

A systematic literature search of the PubMed and Scopus
databases and the CENTRAL registry (which contains the
clinicaltrials.gov and WHO ICTRP registers) was conducted
using the following algorithm: “Tumor Lysis Syndrome”
AND spontaneous. A preliminary search was conducted
on May 1, 2022. We updated the search up to October 17,

2022, to not exclude any recently published eligible studies.
The obtained records were imported into EndNote 20 and
underwent semiautomatic deduplication [14]. Deduplicated
records were then imported into the Rayyan web applica-
tion (https://www.rayyan.ai/). Three independent reviewers
(EG, SAM, AEA) initially screened the records for rel-
evance based on title and abstract only. Disagreements were
resolved through consensus or by a fourth reviewer’s (MP)
decision. Relevant articles were then assessed for eligibility
by the same three independent reviewers with inconsisten-
cies having been again addressed through discussion until
consensus or decision by a fourth author (MP). References
of the included articles were also searched, as per the snow-
ball procedure, to further investigate cases not referred to
as “spontaneous” by the authors. In case of overlapping/
duplicate samples within the same analysis, the study with
the most comprehensive report on the outcomes of interest
was selected.

Data items and data collection

Three blinded reviewers (EG, SAM, AEA) extracted data
from the eligible articles in a predesigned Excel spread-
sheet. Discrepancies were resolved through discussion until
consensus. Items for which data were sought and extracted
are presented in Supplementary methods.

Risk of bias assessment

Within the scoping nature of this review, the risk of bias
assessment of the eligible studies was not considered oblig-
atory [11]. Since most eligible studies were expected to be
case reports/case series, which are generally considered
low-quality data [13], further risk of bias assessment was
not performed.

Statistical analysis

Reporting was separate for aggregate data provided by
RCTs/observational studies and individual participant data
(IPD) recorded by case reports. Regarding IPD, a second-
ary analysis of the collected data was performed. Numerical
variables were presented as mean, standard deviation (SD),
or median, [1st quartile 1 (Q1), 3rd quartile (Q3)] if their
distributions were skewed, while categorical variables were
presented as frequencies (%). The normality of continuous
variables was examined by applying the Shapiro-Wilk test.
Descriptive statistics of the examined variables were calcu-
lated for the overall sample and the sample of each one of
the different primary tumor sites. Inferential statistics using
the entire sample were restricted to the primary outcomes.
Means of independent samples were compared using the
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independent-samples t-test if data were normally distrib-
uted; if not, the Mann-Whitney U Test was performed [15].
Chi-square/Fisher’s exact tests were employed for the com-
parisons between categorical data [16]. Crude odds ratios
(ORs) along with their 95% confidence intervals (95%CI)
and corresponding p-values (pggr) were estimated by uni-
variate binary logistic regression with “death due to STLS”,
and “need for RRT” serving as the dependent variables and
one of the rest of the investigated variables being, each time,
used as the predictor variable [17]. Multivariable logistic
regression was not performed due to the small sample size
[18, 19]. A supplementary sensitivity analysis, also includ-
ing cases with recent prior exposure to corticosteroids, was
carried out. All analyses were conducted with the Stata Sta-
tistical Software, version 13 (StataCorp LP, College Station,
TX, USA). Two-tailed p-values less than 0.05 were consid-
ered statistically significant.

Results

The literature search yielded 414 records. Following semi-
automatic deduplication and title-abstract screening, 127
reports were assessed for eligibility. Of these, 54 were
excluded and 73 (i.e., 71 case reports, 1 retrospective cohort

with 9 patients eligible for inclusion [20], and 1 retrospec-
tive cohort with only 1 patient eligible for inclusion and thus
regarded as case report [21]) were finally included in the
review. Six case reports [22—27] considered cases of TLS
after prior recent exposure to corticosteroids; these were
only included in the supplementary analysis. Therefore, 67
studies [20, 21, 28-92] were included in the main analysis.
The numbers of excluded studies as well as the exact rea-
sons for their exclusion are available in Fig. 1 and Table S1,
respectively.

The main characteristics of the included studies are pre-
sented in Table S2. The 66 case reports encompassed 71
patients. A minor overlap may likely exist between a cohort
and a case report; [20, 58] however, these were not part of
the same analysis and hence both were included. The demo-
graphic characteristics of individual patients, the primary
tumor site and histology, the metastatic burden, the clinical
and laboratory findings of developed STLS, as well as the
management and prognosis of the syndrome, are available
in Table 1, and Table 2. Same data is presented only for
cases of TLS developing after administration of cortico-
steroids and for all cases, regardless of prior exposure to
corticosteroids, in Table S3, S4, respectively. Variables are
stratified according to primary tumor site in Table S5.

Identification of studies via other methods
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From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71

doi: 10.1136/bmj.n71

Fig. 1 PRISMA flow diagram of the review
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Regarding the cohort’s nine patients [8 (89%) male, mean
(SD) age of 63 (13), median (Q1, Q3) Charlson Comorbid-
ity Index (CCI) on the admission of 7 (4, 9)], three (33.3%)
had a primary lung tumor while the rest was diagnosed with
gastric, colon and endometrial adenocarcinomas, esopha-
geal squamous cell carcinoma, quadriceps myxoid lipo-
sarcoma and a tumor of unknown primary site [20]. AKI
was reported in all patients, while new-onset seizures [5
(55.6%)] and cardiac arrhythmias [3 (33.3%)] were also
frequent. Patients had an unfavorable course, with seven
(77.8%) dying due to the syndrome and its related compli-
cations (Table 1) [20].

The most common primary tumor sites in individually
reported patients [38 (53.5%) male, median (Q1, Q3) age
0f'59.5 (49.0, 70.0), and CCI on admission of 7 (6, 9)] were
lung [15 (21.1%)], colon [6 (8.5%)], and liver [5 (7.0%)].
The authors suggested increased age, large bulky masses
[median (Q1, Q3) largest transverse dimension of 8.9 cm
(6.0, 13.0)], metastatic disease, recent biopsy, dehydration,
infection, preexisting kidney dysfunction or urinary obstruc-
tion, use of nephrotoxic drugs or medications that inhibit
uric acid excretion, and increased baseline levels of WBC,
phosphorus, potassium, uric acid or LDH as predisposing
factors for the spontaneous emergence of TLS in adults with
solid tumors. Forty (58%) patients had concurrent diagno-
sis of STLS and their underlying tumor. Most patients [61
(87.1%)] had developed metastatic disease, with the liver
[46 (75.4%)] being the most reported site, followed by lung
[22 (36.1%)] and bone involvement [16 (26.2%)]. At the
time of presentation, seven (10.6%) had LSTLS without
CSTLS, 32 (48.5%) had CSTLS which was classified as
mild as per Cairo-Bishop grading [i.e., 12 (18.2%) grade
1 and 20 (30.3%) grade 2], and 27 [i.c., 23 (34.8%) grade
3 and 4 (6.1%) grade 4] had severe CSTLS. STLS resulted
in AKI in the majority [59 (83.1%)] of individuals, while
arrhythmias, seizures, and symptomatic hypocalcemia were
prevalent in only three (4.2%), one (1.4%), and two (2.8%)
cases, respectively. For the reduction of uric acid levels,
most patients were administered either allopurinol [18
(27.3%)] or rasburicase monotherapy [18 (27.3%)], whilst
the rest received no treatment [15 (22.7%)], or combinations
of rasburicase with allopurinol [14 (21.2%)] or febuxostat
[1 (1.5%)]. Patients had generally an unfavorable prognosis
with high rates of need for RRT [25 (37.3%)], death related
to STLS [36 (55.4%)], and all-cause death [52 (80.0%)].
Recurrence was rare (2.9%), with only 2 relevant incidents
being recorded (Tables 1 and 2).

Patients with metastatic disease were significantly more
likely to die due to STLS compared to those without any
diagnosed metastasis [test of association p=0.040; crude
OR, 8.87; 95%ClI, 1.001 to 78.63, por = 0.049], especially
when one of the metastatic sites was the liver [p=0.035;

@ Springer

OR, 9.88; 95%CI, 1.09 to 89.29, por = 0.041] or lungs
[p=0.024; OR, 14.00; 95%CI, 1.37 to 142.89, pr = 0.026].
The same applied to individuals diagnosed with metastases
only in the liver [OR, 19.20; 95%CI, 1.84 to 199.94, por =
0.013] or lungs [OR, 24.00; 95%CI, 1.14 to 505.20, ppr =
0.041] using again as reference the patient group without
any diagnosed metastasis. Cases that received rasburicase
monotherapy had also a significantly higher probability
of resulting in death due to STLS than those receiving no
urate-lowering treatment [p=0.034; OR, 5.33; 95%CI, 1.09
t0 26.61, por = 0.041], or the allopurinol-rasburicase com-
bination [p=0.023; OR, 7.47; 95%CI, 1.40 to 39.84, por =
0.019] (Table 3).

Although the higher Cairo-Bishop clinical severity at
STLS presentation was not associated with STLS-related
death (p=0.784), it was significantly associated with the
need for RRT [p=0.001; OR, 6.46; 95%CI, 2.08 to 20.08,
Por = 0.001]. Patients receiving allopurinol were less likely
to require RRT compared to those not receiving this medica-
tion [p=0.021; OR, 0.29; 95%CI, 0.10 to 0.85, p g = 0.024]
or those receiving rasburicase [p=0.027; OR, 0.20; 95%CI,
0.05 to 0.87, ppr = 0.032]. Notably, patients to which RRT
was applied had significantly higher LDH levels at the STLS
diagnosis than those not reaching RRT (p=0.018, Table 4).

All comparisons of the examined variables with death
and the need for RRT due to STLS as well as the results
of the corresponding univariate logistic regression analyses
are displayed in Tables 3 and 4. The sensitivity analysis that
included cases with prior recent exposure to corticosteroids
did not substantially change the findings (Tables S6, S7).
The urate-lowering treatments per different metastatic sites
are shown in Table S8.

Discussion

To the best of our knowledge, this is the largest review sys-
tematically synthesizing available data on adult patients
with solid tumors developing STLS. Another recent system-
atic review on TLS developing in patients with solid tumors
identified only 32 cases of STLS [10], less than half of our
included 66 cases. In accordance with overall data on TLS
of solid tumors, our sample had a median age of about 60
years and predominantly consisted of males [6, 10]. Primary
tumors were mostly large bulky masses (with a median larg-
est transverse dimension of about 9 cm), commonly located
in the lungs, colon, or liver [2, 6, 20, 46, 93]. Most patients
had been diagnosed with metastatic disease mainly in the
liver and/or lungs and had an unfavorable prognosis com-
pared to previous studies on STLS of hematological malig-
nancies [94]. There was a significantly higher likelihood
of STLS-specific death in patients with metastatic disease
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Table 2 Histological types and metastatic sites by primary tumor site. Categorical variables are presented as frequencies (%)

Study type, N

Primary tumor site

Histological types per primary tumor site

Metastatic sites per
primary tumor site

Case reports, N=71

Cohort, N=9

Lung: 15 (21.1%)

Skin: 3 (4.2%)

Colon: 6 (8.5%)

Liver: 5 (7.0%)

Prostate: 3 (4.2%)

Uterus (Endometrium/Myome-
trium): 4 (5.6%)

Stomach: 4 (5.6%)

Breast: 3 (4.2%)

Kidney: 3 (4.2%)

Ovary: 2 (2.8%)
Pancreas: 2 (2.8%)
Adrenal gland: 2 (2.8%)

Uterus — cervix: 1 (1.4%)
Gallbladder: 1 (1.4%)
Esophagus: 1 (1.4%)
Other: 10 (14.1%)

Unknown: 6 (8.5%)

Lung: 3 (33.3%)

Stomach: 1 (11.1%)

Colon: 1 (11.1%)

Uterus (Endometrium): 1 (11.1%)
Esophagus: 1 (11.1%)

Other: 1 (11.1%)

Unknown: 1 (11.1%)

Squamous carcinoma: 5
Adenocarcinoma: 1
Small cell lung cancer: 8
Unknown: 1

Melanoma: 3

Adenocarcinoma: 6

Hepatocellular carcinoma: 3
Adenocarcinoma: 1
Unknown: 1

Adenocarcinoma: 3

Endometrial adenocarcinoma: 2
Leiomyosarcoma: 1
Neuroendocrine carcinoma: 1
Adenocarcinoma: 4

Adenocarcinoma: 3

Adenocarcinoma: 1
Sarcoma: 1
Urothelial carcinoma: 1

Adenocarcinoma: 2
Adenocarcinoma: 2

Adenocarcinoma: 1
Pheochromocytoma: 1

Squamous carcinoma: 1
Adenocarcinoma: 1
Squamous carcinoma: 1
Melanoma of the eyeball: 1

Retroperitoneal: 1 adenocarcinoma, 1 sarcoma,

1 seminoma, 1 choriocarcinoma
Neck: 1 sarcoma

Pelvis: 1 sarcoma, 1 primitive neuroectodermal

tumor
Unknown paracaval mass

Neuroblastoma in the upper left hemithorax: 1

Adenocarcinoma: 4
Neuroendocrine carcinoma: 1
Unknown: 1

Small cell lung cancer: 2
Adenocarcinoma: 1
Adenocarcinoma: 1
Adenocarcinoma: 1
Adenocarcinoma: 1
Squamous carcinoma: 1

Quadriceps myxoid liposarcoma: 1

NA

Liver: 9
Bones: 1

Liver & lungs: 1
Liver & bones: 1
Unknown: 1

No metastasis: 2
Liver & lungs: 1
Liver, lung & bones: 1

Other: 1
Liver: 3
Lung: 1

Liver & lung: 1
Liver & bones: 1

Lung: 3

No metastasis: 1
Unknown: 1

Bones: 1

Liver & bones: 2

Liver: 1
Lung: 1

No metastasis: 2

Liver: 2

Liver & bones: 1

Other: 1

Liver & lung: 1

Liver, lung & bones: 1
No metastasis: 1
Liver & bones: 2

No metastasis: 1

Other: 1

No metastasis: 1

Liver: 1

Liver & lung: 1

Liver: 1

No metastasis: 1

Lung & bones: 1

Liver: 1

Liver & bones: 1

Liver: 1

Liver & lung: 3
Unknown: 1

Liver & lung: 1

Lung: 1

Liver & bones: 1

Liver & lung: 1

Liver, lung & bones: 1

Liver: 2

Liver & lung: 2
Liver & bones: 1

Other: 1
NA

NA
NA
NA
NA
NA
NA
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— especially in those with liver or lungs involvement — com-
pared to those without diagnosis of metastatic disease. A
higher probability of death due to the syndrome was also
observed in cases receiving rasburicase compared to those
under no urate-lowering treatment or the allopurinol-rasbu-
ricase combination, while administration of allopurinol was
associated with a significantly reduced likelihood of RRT
need compared to no allopurinol or administration of rasbu-
ricase. Finally, CSTLS severity at the time of LTLS diagno-
sis was significantly associated with the need for RRT but
not with death due to the syndrome.

Among factors related to high tumor burden, our data sug-
gested that only metastatic disease, especially in the liver or
lungs, significantly increases the likelihood of death due to
STLS. Previous literature has proposed metastatic disease,
especially in the liver, to be associated with an increased
risk for TLS development [6, 20, 30, 32, 33, 36-38, 44, 58,
59, 93, 95, 96]. This is thought to occur due to increased
tumor burden resulting in high purine pools and mechani-
cal compression by the lesions [6, 32, 93, 95]. These may
lead to hepatic synthetic dysfunction and impaired uric acid
metabolism [6, 32, 93, 95]. High purine pools and mechani-
cal compression of the non-cancerous tissue could also
apply to cases of metastatic disease in the lungs. Similar
mechanisms may be involved when examining the presence
of metastatic disease not only as a risk factor for the spon-
taneous onset of the syndrome but also as an indicator of a
worse prognosis. Interestingly, the liver and lungs were also
among the three most reported primary sites of solid tumors
resulting in STLS. Larger studies, leading to analyses with a
higher power calculation, are required to detect differences
in prognosis between different primary tumors and differ-
ent metastatic sites. Regarding other markers of tumor bur-
den, higher LDH levels on presentation were significantly
associated with the need for RRT. As LDH may be, to some
extent, indicative of cell lysis, elevated serum levels of the
enzyme may reflect a more massive release of the nephro-
toxic intracellular factors into the circulation [2, 8].

Interestingly, rasburicase was associated with increased
rates of syndrome-related death (when compared to no
urate-lowering treatment or combination with allopurinol)
or requirement for RRT (when compared to allopurinol).
A possible explanation of this observation could be that
rasburicase was reserved for patients with a more severe
course of STLS and was possibly applied at the point of
clinical deterioration [43, 51, 69, 74, 92]. Rasburicase is
well known for achieving a rapid and significant reduction
in uric acid levels, both the newly produced and the pre-
existing ones [2, 97, 98]. In this context, its prophylactic
administration is recommended in patients with hematologi-
cal malignancies and at high risk for developing TLS [99].
On the contrary, allopurinol does not reduce preexisting

uric acid levels but prevents further accumulation of this
nephrotoxic metabolite [100]. Unfortunately, we were not
able to further examine the hypothesis since the included
case reports provided scarce quantitative data on the exact
point at which rasburicase was administered. Considering
that patients with metastatic disease in the liver or lungs
were more likely to die than those without metastasis, we
compared the administration of rasburicase between these
groups (Table S8). Although only 1 out of 8 patients without
metastasis received rasburicase (vs. 12 out of 43 or 8 out of
22 individuals with metastatic disease in the liver or lungs,
respectively), no strong conclusions could be drawn from
this small sample. Nevertheless, the effect of rasburicase on
renal outcomes or mortality remains unclear and has mostly
been studied in pediatric patients with hematological malig-
nancies [97]. Data on adults mostly represent TLS on leu-
kemias or lymphomas and has demonstrated that the use of
rasburicase may be significantly associated with increased
remission of the disease but not significantly associated with
mortality at the first year [94]. The urate-lowering proper-
ties of allopurinol may partially explain its observed reduc-
tion in the need for RRT. Large-scale studies in adults with
solid tumors and TLS are required to compare the safety of
short- or long-term administration of urate-lowering agents.

Finally, our study indicated a significant association of
Cairo-Bishop CSTLS severity at the time of its presenta-
tion with the requirement for RRT but not with death due
to the syndrome. Considering that renal complications of
STLS might be more frequent than manifestations such as
uncontrollable seizures or life-threatening arrhythmias, the
Cairo-Bishop grade of CSTLS at the time of presentation
might have been predominantly determined by SeCr levels
[12]. As more evidence on STLS of solid tumors is accu-
mulated, future studies could investigate the prognostic
value of updated classification systems that also account for
factors related to tumor burden, such as metastatic disease.
Of course, our data cannot question the importance of the
Cairo-Bishop grading, since the analysis may have been
underpowered and was based only on the status of patients
at the point of LSTLS diagnosis. Besides, the classification
system was designed more for distinguishing patients who
require urgent medical interventions from those who do not
[9, 12].

Strengths & limitations

As of the time of writing, this is the largest review trying to
synthesize all available data systematically and separately
on adult patients with solid tumors developing STLS. We
have attempted not only to describe the characteristics of
these patients, or the parameters related to the syndrome
but also to investigate which of these parameters may be

@ Springer



233

Medical Oncology (2023) 40

233 Page 14 of 21

$0r'0=d *(900'1 ‘8660 T00'T TIE0 000 900 (S0 0 tS (sKep) siseiselour pue SISOUSEIP SIS USOMIG SWIL],
6¥/0€ 0N 6¥/61 :ON $9/6% :ON
96€0=d(L0'T‘91°0) LS'0 T6£°0 SI/IT 9K SI/ SR $9/ST 9K 9 SISBISEIOUI BUOG O 'SA (SIS dNBISEIOW 31} JO JUO SE) Souog
£1/6T ‘ON €7/p1 ON $9/€% 10N
127 0=d (st “€5°0) SS°'1 0Tr'0 12/21 9K 12/6 9K $9/1T 9K 9 SIseIseloUL Sun ON 'sA (SIS OLEISEIOU dY) JO OUO s.) Fun|
0T/21 0N 07/8 0N #9/0T :ON
8v9'0=d (1€ “97°0) 8L°0 8Y9°0 ¥/6T 9K PP/ST :SOA ¥9/7y ‘SOX 9 SISEISEIOUL IOAL] ON "SA (SIS QBISEIOUI ALY} JO JUO S&) JOAI']
8/G :sIseiselouw ON 8/ :sIseselour ON €7/8 ‘siseisejow ON
265°0=4(6L¢ ‘01°0) 19'0 L59°0 S1/11 :souog S1/p :souog €7/S1 :sau0g €T SISEISEIOU ON *SA (SI)IS O1IRISEIOW A JO AUO SE) SAUOF
8/G :sIseiselow ON 8/ :SIseIse1du ON 67/8 Sisejseawt ON
$6L°0=d%(59'9 ‘€T°0) ST'T 0001 17/T1 Buny 17/6 :Bun 67/1C :8unT 67 SISE)SEIOUW ON| "SA (SAJIS DJEISEIOW AU} JO dUO sB) Fun']
/G :sIsejsejout ON Q/¢ :sIsejsejour ON TS/Q ‘sisejsejour ON
2s8'0=d(IT'¥ ‘81°0) 98°0 0001 Ph/6T oA PP/ST 1A TS/pp oA T§ [ € SISEISEIOUL ON] "SA (SIS JNEISEIOUW AU} JO SUO SE) JOA]
€ev'0=d {(TL¥T *ST'0) 05T
153U0q J0 ‘Fun| “I9AI] OU Inq JNBISEIIN
868°0=d 8/ :SIseiselow ON §/¢ :sisejselou ON G9/8 :SIseIselou ON
{(€9°€1 “50°0) £8°0 :s0UOQ 79 Fun| TOAI] Y4 S/E S9/S
por0=d 152U0q 0 ‘Sun| “I9AI] OU NG ANBISEIA 15210 10 ‘Tun| I9AI] OU NQ NBISEIAA :53U0q 10 ‘Funj IAI] OU INq ONRISLIIN
(66°€ °90°0) 870 :SoUOY 29 JOAIT €/ :sou0q 29 Sunj IGAIT €/] :souoq 29 Sun| IOAIT G9/€ :souoq 29 Sun| IOAIT
€8¢ 0=d 1/1 :seuoq 29 Sung 1/0 :souoq 29 Sung 69/1 :souoq 29 Sung
{(€€°01 °LT'0) L9'T :Bun] 29 1oAI] 6/L S9U0q %9 AT’ 6/ $9U0q % J9AI'] §9/6 :$2U0Q 29 IOAI]
87L°0=d (€L°LE L0°0) L9'T :sou0g T1/9 :s3un| 79 19AI'] T1/9 :s8unj 7 10AI'] 9/ :s3unj % J9AI']
826'0=d (6601 ‘11°0) 11°1 :Bun] /1 :souog /1 :sauog §9/¢ :sauog
T0L'0=d (66 “€1°0) 1L°0 1oAIT §/¢ Buny S/ Buny §9/¢ Buny
{(90udI0jal B SE  SISBISLIOW OU,, IM) 1£8°0 0T/p1 oA 0T/9 :19AI'] S9/0T HoAIT §9 (s)a1s dneIseIo
8/S 0N 8/€ ON 99/8 :ON
186'0=d (69% ‘TC0) T0' 0001 8S/9€ SOA 8S/TT 9K 99/86 9K 99 SISeISEIR
ST/8T TesIa ST/L Tesia YE/ST esia
680°0=d(sT°1 *v0°0) €20 “1&ISIA 8/€ ‘[euoIsoy 8/S ‘[euoIsoy /8 :[euoIBay
(eouorayar e se  Jeuorar, yim) SP1'0 1/1 ‘0N 1/0 0N PE/1 0N b€ sapou ydwiky
S06'0=d(#1°1 ‘98°0) 660 0LLO (€1°9) 66 1) 8 (€1°9)L'8 6T ozis owny,
85/9€ “Al 8S/TT Al S9/86 ‘Al
S/T I S/€ Il S9/ I
9pe0=4d%(g9 /110 1/0 11 S9/1:
‘90°0) 140 *Al (90u10Ja1 © SE [[] YpI) L9L°0 /11 101 S9/1T §9 a3e)g
85/6€ :ON 85/61 :ON S9/86 :ON
9170=d {(8¥°€1 “95°0) ¥L'T €€T0 L/€ SR LI SOX G9/L SO S9 s Arewnad a1 jo yuounean [eorSmg
£€5/5€ 0N €6/81 :ON $9/€S ‘0N
2wy 0=d {09 ‘€¥'0) 791 S0S°0 11/9 :SoA T1/S :SOA +$9/11 SOA 9 Jowny Arewtad 1oy juduneon Auy
(skep)
826:0=d (200" *L66°0) 000'1 860°0 @rost (LLSDS6 0€0 ST S SILS pue Jown) Arewitid oy Jo SISOUTEIP UOAAIAG dUWIL],
6T/L1 :ON 67/T1 “ON S9/6T :ON
S050=d(s6°1°92°0) 1L°0 $0$°0 9E/4T SR 9€/T1 :S9K S9/9€ Sk §9 S1LS yia Suofe towmn Arewd ayp jo sisouser(]
1570=d*(T1'1 *$9°0) $8'0 [Sad] 69 L 89 L 89 L 9 Xopu AIpIqIOWO)) UOSLIEYD)
LE/ET PN LEH1 RIRN LY/LE R[N
126'0=d (85T ‘S€°0) $6°0 1260 0€/61 :o[euwd ] 0€/11 :d[eud] L9/0€ d[ewdd L9 (orew ' opewIay) Xog
L2L0=d(b0'T °L6°0) 10'T 1260 (69 “08) 09 (99 ‘6%) 65 (69 “6%) 65 99 a3y
anfea-d (1D %S6)
YO dpni) .:O_wmu‘_wo‘— oﬁm_wo_ eLIBAIUN 03_©>.Q 1Y 10J PAN ON LY 10) PN [[e1RAQ 1030

Adexoy yuowooe|dor [eual [ oseolngsel ‘gSyY 9eI1soxnqej ‘g, {jourdoyie “TTV S[[90 poo[q aym
OdM ‘eseuddorpAyap aepoe] ‘HT oqedrjdde jou ‘yN QwoipuAs sisA] Jown) snodueiuods ‘ST LS RAINUI 2OUIPLUOD ‘[ (01T SPPO YO d[qe[IeAR SeM JWOIINO0 A} UO BJEP 9SOYM S[ENPIAIPUI JO JOQUINU ‘N :SUONRIAIQQY JOU S0}
0}, ON,, SEaIOYM (UN[09 IS ) 10308J ) 03 pesodxa 3oy} 0} SI9JaI  SIX,, 'STTLS A10JeI0qe] 1) JO JUSIYSI|qR)S IS oY) JO Jurod 9} Je PaINSLau d1oM SIovTeul A10)e1oqe] [ “(o[nienb pig ‘omaenb jst) uerpow 1o (S F ueow se pajuasord
aIe BIRp Snonunuoy) Jou Jo (1Y) Aderoyy juowose|dal [eual papadu A1) Joyioym 03 Surpiosoe syudned Jo sonsueloerey)) (STLS) SWOIPUAS sisA] zown) snoduejuods Surdojoadp siowny prjos yum syuaned uo sasAjeue payrun ¢ ajqer

pringer

As



233

Page 15 of 21

233

Medical Oncology (2023) 40

#1/8 PUON ¥1/9 PUON TE/p1 PUON
81T0=d(LL'T “80°0) 8E'0 L9T0 81/p1 1TV 81/ TV /BT TIV C€ QUON 'SA TTV
1/0 :dSVY +4dd 1/1 :dSVY+4dd ¥9/1 :dSVI+ddd
P01 - ASVI+TTV PI/p ASYI+TIV Y9/p1 - ASVI+TIV
L1/L - dSVY L1/01 :dSVY PI/LT : SV
81/ 11V 81/F TV Y9/81 111V
UMOpPYBAIQ 39S 601°0 1/8 PUON 1/9 :PUON +9/¥1 QUON 9 ad4y yuounean SuLromor-ayern
79/6€ :ON T9/£T 0N £€9/29 :ON
VIN 18€°0 1/0 194 1/1 9K €9/1 1$9K €9 SV +4Hd ON "SA gSVY +4Hd
6¥/6T :ON 6¥/0T :ON £9/6% :ON
60t°0=d(11°T°91°0) 850 Sov'0 P1/01 S04 Y1/t S0k €9/P1 :S9K €9 ASVA+TIV ON ‘SA SV +TTV
81/6T :ON 81/61 :ON £9/8% :ON
$99°0=d (85T ‘€T°0) 9L'0 €990 ST/01 159K SI/S 'SOK €9/S1 19X €9 ASVI+EH4/TTV ON "SA gSVI +gd4/TTV
¥1/8 10N ¥1/9 10N ¥9/71 ‘0N
wL0=d(TL T $T0) 80 WL 0S/1€ 15K 0S/61 :SOK $9/0S SOK ¥9 ASVA/G9d/TTV ON "SA SV U/GA/TTV JO [ 1889[ 1Y
1€/51 0N 1€/91 ‘0N $9/1€ ‘0N
6v0°0=d :(66°0 T1°0) SE€°0 90°0 €E/HT 9K £€/6 'SOK $9/€€ SO ¥9 G4/ TTV ON "SA g4/ TTV JO [ 1S89[ 1Y
79/6€ :ON T9/€T :ON €9/29 10N
V/IN 18€°0 1/0 150K 1/1 150K €9/1 9K €9 494 ON 'sA g4
TE/ST 0N TE/LT ON $9/2€ ‘ON
$20°0=d (580 01°0) 62°0 120°0 TEMHT SK TE/8 K $9/2€ SO ¥9 TIV ON 'SA TV
1€/2T 0N 1€/6 ‘0N €9/1€ 10N
8r1'0=d(11°9°9L°0) 91'C Sy1'0 TE/LT K TE/ST 1K €9/2€ 'SOX €9 SV ON 'SA gSVI
§9¢'0=d (1000°T “6666'0) 0000"T SI8°0 (000 1T “00€ ¥1) 008 61 (000 € “00€ T1) 056 91 (00€ 0€ ‘008 €1) SLE 8T TT (my) oam
910°0=4d $(19000°T ‘90000°T) £000'L 810°0 (POE T°L¥8) LEO T (ST196 11 °ST6T D ILLT (TT6 € ¥98) LSET 9F (I/n) HA'T
PIF0=d 011 °96°0) €0'1 9$L°0 (FLET “8TT) T€T (pp1‘9z1) S€€l (6€1 ‘9z €T €T (I/1oww) wnrpog
89¢0=d (€71 °LS0) ¥8°0 SLEO 9ETFIr'8 IL1F80'8 0S'TFTES TS (Ip/Bur) wniofe)
P2e0=d T 1 v6'0) LO'T 9LT0 ©LTST9 6819 0L (€8°1°6)89 9 (1p/3u) snioydsoyq
$9L°0=d (€61 “T9°0) 60' 69L°0 €6'0F96'S Y6 0F 109 €6'0F66'S 65 (I/1oww) winissejoq
$00'0=d {(p€T ‘S0'D) 61°1 900°0 991°911D) S¥1 T Ty Ll (Z0z°0€D0ST ¥9 (1p/3ur) proe oL
$10°0=d :(68'1 ‘80°1) €+°1 100°0 OrLDYye STy OrTIrEe 19 (1p/Sw) duiunEaId Wnidg
$65°0=d(20'1 ‘66'0) 00' 8€9°0 (PL'L8 ¥S) 889 (€001 “TH) T°6L (L6 ‘ST ¥'EL 9¢ (1p/8w) ua3omniu e poojg
S9/1+ 0N S9HT ON L9/S9 :ON
60L0=d {(85'8T01°0) I1L'1 0001 /1 1SoA 1 SR L9/T SO L9 erwao[edodAy onewoydwkg
99/2t :ON 99/4T :ON L9/99 :ON
VIN €LE0 1/0 194 1/1 59K L9/T 159K L9 QINZIAS JoSUO-MON
$9/T “ON $9/2T ‘0N L9/9 ON
VIN 850°0 €/0 1S0K €/€ 1S9 L9/€ SOA L9 BIWYIAYLIE ORIpIE)
T1/01 0N TI/T 0N L9/T1 0N
611'0=d(86°L1 ‘TL'0) 65'€ 981°0 SYAEEIN SS/€T SR L9/SS SOK L9 Amfur Koupny ooy
$T/6 “SILS [Ed1UI]D) 212ADS PT/ST :STILS [OII[D) 21043 9S/4T :STILS [BOII[D) 21043
900°0=d :(08'S1 ‘85'1) 00°S $00°0 TEPT :STILS 2D PN T€/8 *SILS [eamI) PIIA 9S/2€ *SILS [BMUID PIINL 9 uoneuesald uo K)1oAss §LS [edrurfo doysiel one)
$T/6 “STLS [EdUI]D) 212ADS PT/ST :STILS [OWI[D) 21043 £9/T :SILS [BO1UI]D) 219A3S
100°0=4d £(80°02 ‘80°7) 9%°9 100°0 6€/1€ :STLLS [EdIUI]D ON 10 PIIAL 6€/8 “STTLS [BIMUI[D ON 10 PIIA €9/6€ :SILS [EdMUI[D ON 10 PIIA €9 uoneuesald uo K)1oAss §LS [edrurfo doysiey one)
98/L€E “ON 95/61 “ON LS/9S 1ON
V/IN 1S€°0 1/0 SO 1/1 :SOA LS/1SOA LS SISE)ISLIOW JO JUOW)LAI) [BIISING
98/L€E “ON 95/61 “ON LS/9S 1ON
V/IN 15€°0 1/0 150K 1/1 189K LS/1 0K LS SISEISEJOUI JO JUDWIEAL],
anfea-d (1D %S6)
O IpNI) ‘UoISsaIFa1 oNSISO] AeLIBAIUN anpea-d LY 10§ PN ON LAY 10J PAN [[e12AQ 10108

(ponunuoos) ¢ 3|qel

pringer

As



Medical Oncology (2023) 40:233

68/5€ 1ON 6S/4T 1ON 79/6S ON

V/N LLTO €/€ 'SOX €/0 9K T9/€ 'SOX Q1eU0dN[3 Wnd[E)
SS/9€ 0N SS/61 0N T9/SS ON

8L0°0=d(9L°9T ¥8°0) ¥L'¥ 860°0 L/TS9K L/S 1SoK [REIN urnsug
86/0 ON

VIN V/N 8G/LE 1SOA 8G/1T S9A 86/8S 9K uoneIpAYY
y1/01 :dSVI+TTV YI/p dSYI+TIV SI/T gSVI+TIV

V/IN £€€°0 1/0 :dSVY +4dd 1/1 :dSVY+4dd SI/1:dSVd+4ddd ASVA+TIV SA dSVY +4dd
L1/L :dSVY L1/0T :dSV Y 81/L1:dSVY

VN 000'1 1/0 SV + €4 1/1:dSVa+4dd 81/1 :dSVI+4dd SV SA SV +4Hd
L1/L - dSVY LI/0T :dSVY T€/L1 : SV

860'0=d(LT"1 ‘90°0) 8T'0 7600 $1/01 :dSVI+T1V Y1/ dSVI+TIV 1E/41 dSVI+TTV | SV SA gSVI+T1V
81/p1 11V 81/ TV 61/81 TV

VN €970 1/0 : SV + €4 1/1: SV +4dd 61/1 :dSVI+4dd TIV 'SA SV +4dd
8141 11TV 81/% TV TE/81 TV

189°0=d (869 ‘8T°0) OF'I €0L°0 $1/01 :dSVI+TIV YUY - ASVI+TIV p1aSVI+HTIV TIV SA gSVI+T1V
[z€0°0=d :(L80 ‘50°0) 0Z°0] 8141 11TV 81/% TV SE/8T TV

7€0°0=d :(08'1Z ‘ST'1) 00°S LT0°0 L1/L:dSVd L1/01 :dSVYH SE/LT SV TIV 'SA SV
¥1/8 PUON ¥1/9 :PUON SI/#1 :ouoN

VN L9¥'0 1/0 :gSvd+49ad /1 : SV +4dd S1/1: SV +4dd QUON "SA GSV Y + g
1/8 :9UON 1/9 :9UON 8T/p1 :0UON

€er’0=d (95T “11°0) €5°0 0£¥°0 F1/01 :dSVI+TTV YI/b dSYI+TIV 8TH1 ASVI+TIV QUON 'SA gSVI +TTV
¥1/8 PUON ¥1/9 :PUON 1€/#1 :ouUON

8LE0=d(86°L “St'0) 061 6LY0 L1/L - gSVY LT/0T :dSVY T€/L1:dSVY 1 QUON SA SV Y

onjea-d (1D %$6)
MO 9pnI)) ‘uoissaISar onsISoy eLIeArun) anpea-d 1Y 0] PaaN ON 1Y 10] paaN [[eIAQ J0)0e]

233 Page 16 of 21

(ponunuoo) 3jqer

pringer

As



Medical Oncology (2023) 40:233

Page 17 of 21 233

associated with the need for RRT and STLS-caused death.
The latter has not been addressed by previous studies in this
subset of patients. Our findings may generate hypotheses in
terms of prognostic factors of TLS in solid tumors and guide
future clinical research.

However, our study also has certain limitations. Firstly,
our small sample size has introduced a higher probability
of type I error, leading to underpowered analyses, and not
allowing to safely fit any multiple regression models. Sec-
ondly, the included population was highly heterogenous,
consisting of various cancer histology, primary sites, and
disease stages. Since a subgroup analysis by primary sites
would be underpowered, we used the total sample inves-
tigating the effect on STLS-caused death and the need for
RRT. Although we searched for all possible study designs,
our findings were derived from case reports which are con-
sidered very low-quality evidence. Data from case reports
are collected in a retrospective manner, and are, therefore,
accompanied by a high risk for selection or confounding
biases and subjectivity [13]. In addition, there is currently
no specific cut-off timepoint that defines the spontaneous
character of TLS. Despite using a cut-off of one month
after the last administration of responsible agents, we found
no studies that were excluded only due to this criterion.
We should also highlight that Cairo-Bishop definitions of
both LTLS and CTLS are based on cases of chemotherapy-
induced TLS [12]; however, these are the most widely used
definitions in the literature on TLS and the definitions used
by the included studies. Of note, laboratory markers may
have been measured at different timepoints during the evo-
lution of STLS between the different case reports. The same
issue applied to the Cairo-Bishop grade of CSTLS sever-
ity which may constantly change during hospitalization.
We attempted to address these inconsistencies by recording
clinical severity and laboratory measurements on patients’
presentation (i.e., at the point at which the diagnosis of
LSTLS was established). Of course, this does not guar-
antee an identical time point of measurement. Reporting
on dosing and timing of administration of urate-lowering
agents and other supportive treatment was also inconsistent
between the different case reports. Lastly, and due to the
lack of control groups (i.e., patients not developing STLS),
our data did not allow us to investigate for predisposing fac-
tors of STLS in a way other than narrative reporting of the
triggering factors suggested by the authors. Larger studies
that will better determine the parameters described above
are required to compare different urate-lowering regimens,
in terms of efficacy and safety, and identify currently less
known triggering factors or predictors of worse prognosis.
Nevertheless, conducting such studies is challenging when
considering the rarity of TLS of solid tumors, especially
when the analysis is restricted to cases with STLS.

Conclusion

The synthesis of evidence on adult patients with solid tumors
developing STLS demonstrated that metastatic disease,
especially in the liver or lungs, and administration of ras-
buricase may be both associated with increased likelihood
of death due to the syndrome compared to patients without
any diagnosed metastasis and those receiving no urate-low-
ering treatment or the allopurinol-rasburicase combination,
respectively. The need for RRT was found lower in patients
receiving allopurinol than those not receiving allopurinol or
those receiving rasburicase. The observed linkage between
rasburicase and worse prognosis may be partially attribut-
able to the potential selection of patients with a worse course
of the syndrome to receive this specific agent. The CSTLS
severity on its presentation was significantly associated with
the need for RRT but not with death due to the syndrome.
Based on all these findings, larger studies addressing the
limitations of current literature and investigating the poten-
tial of underdiagnosis or underreporting of STLS in solid
tumors are needed to compare the efficacy and safety of
different management protocols and to identify unexplored
triggering factors and predictors of worse prognosis.
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